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NICKEL ALLOYS AID THE CHEMICAL INDUSTRY 


to KEEP EM PRODUCING 


Stainless Steel Lined Polymerization Reactors in Synthetic Rubber Plant 


/ 


Equipment of Stainless Steel, Nickel and Monel 


meets many specialized requirements 


Chemical engineers have met America’s 
wartime challenge. 


They opened the gates to a mighty 
flood of products going to war...strate- 
gic raw materials, synthetic substitutes, 
and entirely new substances having ad- 
vantages all their own. 


A factor in this production success is 
the wide use of stainless steel, Monel, 
and other corrosion-resistant alloys 
containing Nickel. 


For in the chemical industry corro- 
sion is a large-scale menace. 


To wage war on this enemy,chemical 
engineers enlisted the aid of Nickel, 
because Nickel imparts to other metals 
strength and resistance to corrosion and 
wear, In the chemical field, as in many 


others, a little Nickel goes a long way 
to keep equipment producing. 


It prolongs the life of processing ap- 
paratus, and protects the purity, color, 
and uniformity of the product. 


Hence, stainless and Nickel alloys 
are specified widely for acid heaters 
and caustic coolers, for high-pressure 
autoclaves and vacuum evaporators, for 
cracking towers and polymerization re- 
actors, for shipping drums and tank cars, 
for pumps, piping and storage tanks, for 
agitators and settlers, for stills and di- 
gestors—for every type of equipment 
that converts laboratory experiments 
into full-scale chemical operations. 


For years we have enjoyed the privi- 
lege of cooperating with technical men 


of the chemical industry ...and of many 
others. Whatever your industry mayb 
...if you want help in the selection 
fabrication, and heat treatment of 4 
loys... we offer you counsel and dats 





New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 
data and working instruc- 
tions. Why not send for your 
copy of Catalog C today? 


‘ Nickel’ 





THE INTERNATIONAL NICKEL COMPANY, INC., 67 wall St., New York 5,N! 





pets Oh Se 





PY 


ahi irtees 
>ma st * Bo ew 


man; 
Ehrlic 
eratio 
for E 


retary 
EDIT 
N. M 
Franc 
Aldw 


troit; 


PRODUCT ENGINEERING 


Editor prtne VOLUME X\ NOVEMBER, 1944 NUMBER 11 








Managing Editor Postwar - 
Associate Editor ar Designs 


Associate Editor 


New Designs of Present and Postwar Products 
Assistant Editors 
. Van VoorHis K. S, PutNaM |: ae et : . 
4 Vin Ness H. J. Wn : ie _ Rigidized Sheet Metal Lightens Panel Design 


DIMITRY E. OLSHEVSKY 


Consulting Editors Vacuum Forming Speeds Fabrication of Plastic Sheets 
kK. H. ConpDiIT R. E. Bruc KNER EDMUND GREENE 


, Wartime Design News... 
Washington ume & 


W ashington 
Los Angeles eco ge a P 
shi Electrolytic Finishes on Metal Improve Corrosion Resistance. . . 


E, L. CABLECK 


Publisher 
General Manager Surface Roughness Standards for Tactual Comparisons 
JAMES A. BROADSTON 


Hydraulic Circuits and Their Operation 


DISTRICT MANAGERS 

§. WeaTHEeRRY Boston - * - 4 é . . 
BA, McGraw... Mein Sai Aluminum-Coated Steel Rates High in Corrosion Resistance. . 

ETS ee ae New York f 

SUMPMEMLBERTS.. 2... . ccc ccc c eee Philadelphia 

ual hl REESE Monge Deflection of Machine Spindles with Overhung Loads at Ends. . 

F. ParictHarp ... Chicago G.JESDAHL 

aA IEEE Ai Mid) Cleveland M. S. GJE 
EN. bing Seide cibcccddcevala Cincinnati 


Detroit Porous Metal Filters Fabricated in Special Shapes 
EARL W. REINSCH 


Nomogram Calculations Simplified 
McGraw-Hill Publishing Company, Inc GIFFORD MAST 


James H. McGraw, Founder and Honorary Chair- 


man; James H. McGraw, Jr., President: Howard Design of Pressure Vessels Limited by Inspection Requirements 773 
Ehrlich, Executive Vice-President for Business Op- 


erations; John J. Abbink, Executive Vice-President G. STEVENSON 
for Editorial Operations; Curtis W. McGraw, Vice- 


ps a Qi ones ese > = bron Sec- : 
y; 4. &. Blackburn, Jr., Circulation Manager. ° . 
EDITORIAL AND EXECUTIVE OFFICES: 330 iplied by Technical Developments 
W. 42nd St., NEW YORK 18, Branch Offices: 520 Uses of Glass Multip y P 
N. Michigan Ave., Chicago 11; 68 Post St., San 
cisco 4; 621 S. Hope St., Los Angeles 14: 
> gl wr ——_ See. W. C. 2; Wash- h 
; Pittsburgh; Philac ia; Cleveland: De- s ; 7 
and of mam Se oR; dhllageha: Cleveland: ‘be Trapezoidal Cantilever Beams of Constant Dept 


istry may be VICTOR KIBARDIN 
1e selection, 


1 
met Editorial So ae eee New Materials and Parts 
sel an } Subscribers may encounter delay in ieti arers’ Publications 

teceiving their copies of Propuct En- katanipy ond Spekies. ..- . bt — 
GINEERING. Such delay is caused by war- 
time strain on transportation and postal 
‘¥stems, a situation beyond.-the Pub- 
lisher’s control. 3 


c Rubber Plant 








rt fou 


mM. 





IN THIS ISSUE— 


honed ENGINEERING. Copytight 1944 by McGraw-Hill Publishing Co., 
- Published monthly. Price 50¢ per copy. RETURN POSTAGE GUAR- Cc ‘ ; . 
‘ 2 : nh - . a sey ; Jover Ficture— s : 
» PUBLICATION OFFICE: 99-129 NORTH BROADWAY, ALBANY 1, er P A display of tube fittings made and colored 
XY, Allow at least ten days for change of address. Communications about by the Weatherhead Company. The colors are used to 
Stseriptions should be addressed to Director of Circulation, PRODUCT identify the fluid conducted by the tubink. 
ING, 330 West 42nd St., New York 18, Subscription rates: United ¥s - 
States, Mexico, Central and-South American countries, $5 for one year, $8 for 
pe ae $10 for three years, Canada, $5.50 for one year, $9 for two years, Protective Coatings for Metal Fittings 
eu three years. Great Britain and British Possessions, 36 shillings for 
year, 72 shillings for three years. All other countries $6 for. one year Mili : : ° 
. ilitary demands for maximum corrosion protection of 
$12 for three years. Entered as second-class matter August 21, 1936, at Post ' ry Pp 


= Albany, N. ¥., under the act of March 3, 1879. Printed in U. 8. A. metal parts léd to the adoption of stringent specifications for 
| Adress: ““MeGrawhill New York.” Member A.B.P. Member A.B.C. protective coatings. Suppliers of fittings and related metallic 
parts have done considerable research on the advantages 


se 














and limitations of the various methods. In this issue, E. L. 
Cableck of the Weatherhead Company discusses on page 754 
the numerous electrolytic processes used with particular 


emphasis on the protection and identification of aluminum 
and steel] fittings. 


New Designs 


Beginning on page 726 we present a selection of new de- 
signs of peacetime products that are now in production. 
This new feature will be continued in succeeding numbers in 
step with the gradual reconversion to the manufacture of 
civilian products and machinery. 


Considerations for Overhanging Spindles 


In many machines the defleetion of overhanging spindles 
or shafts is definitely objectionable and must be reduced to a 
minimum if performance or production of work must be 
maintained within close dimensional limits. M. S. Gjesdahl, 
research engineer, Landis Tool Company, see page 766, de- 
scribes some of the design considerations involved in the 
use of overhanging spindles. 


Porous Metal Filters 


Porous bronze bushings are an old story but here is a 
new kind of porous metal made by pressing coarse “pow- 
ders.” This new material is produced to a controlled poros- 
ity and has been found highly suitable for fine filtering, 
breathers and other applications. Exactly what it is and 
what it can do is told in an article beginning on page 769. 
by Earl W. Reinsch of Moraine Products. 


Developments in Glass 


The possibilities of glass as a design medium have been 
expanded through the development of new fabricating tech- 
niques, similar in many respects to those used for steel. The 
article starting on page 776 describes how glass is formed 
accurately, and heat-treated for strength. Even “welding” of 
hard glass is expected to be as practical after the war as steel 
welding. 


Rigidized Sheet Metal 


Rectangular edge-supported panels contribute substan- 
tially in carrying structural loads and meet demands for 
lightweight structures in transportation equipment. Thin- 
ner gages of panel sheet, however, cause rigidity to decrease 
at an alarming rate. An article on page 741 describes how a 
plain sheet impressed with a dimpling design stiffens the 
sheet in all directions: Applications of the material are cited. 


Surface Roughness Standards 


Continuing his comprehensive review of the importance of 
standardizing surface roughness measurement, James A. 
Broadston draws a comparison between American and Brit- 
ish systems, and describes various roughness standard speci- 
mens that are commercially available. In an article begin- 
ning on page 756, the preparation of specimens by various 
companies is explained. 


Hydraulic Circuits 


Considerable ingenuity has been employed in adapting 
hydraulic equipment to many kinds of mechanical oper- 
ations under many service conditions. The demonstrated effi- 
ciency of hydraulic operation, together with its unlimited 
possibilities when designed with accessory equipment and 


2° 


controls, both hydraulic and electric, make it practical tp 
carry through a series of hydraulic operations automatically 
Hydraulic circuits illustrated on pages 760 and 761 shoy 
some of the possibilities and combinations of equipment 
that have been designed to meet special requirements. 


Aluminum-Coated Sheet Steel 


The coating of sheet steel with aluminum was desirable 
but uneconomical on a commercial scale until recently, 
Now aluminized sheet steel is in continuous production by 
American Rolling Mill Company and a similar product 
will be produced by Reynolds Metal Company again after 
the war. Present most important uses take advantage of 
corrosion or oxidation resistance of aluminum at elevated 
temperatures. Important postwar applications are expected 
to be automobile mufflers and domestic stoves and ovens, 
An article beginning on page 762 describes the character. 
istics of this material and its fabrication possibilities. 


Pressure Vessel Limitations 


To familiarize sales representatives and engineers with the 
principal differences in requirements of various state, 
municipal and provincial bodies in this country and Canada 
for unfired pressure vessels and air tanks, G. Stevenson, chief 
design engineer, F. J. Stokes Machine Company, summarized 
these variations. His report, adapted to wider interests, js 
presented on page 773 for the benefit of all designers of 
equipment involving unfired pressure vessels. 


Vacuum Forming Of Plastic Sheets 


Thousands of acrylic turrets, astradomes and _ other 
formed aircraft parts have been made by a vacuum process 
developed by Rohm & Haas Company. On page 745, Edmund 
Greene discusses the possible shapes that can be produced 
and gives some of the design limitations encountered. 


Trapezoidal Cantilever Beams 


Method for calculating the deflection at any point along 
the span of a cantilever beam having a rectangular cross 
section and uniformly tapering toward free end with a con 
centrated load at the narrow end, see Reference Book Sheet, 
pages 791 and 792. Contributed by Victor Kibardin, devel- 
opment division, Curtiss-Wright Corporation. 





WHAT’S COMING— 


Fastenings Insert 


December Propuct ENGINEERING will include a special 
16-page insert setting forth the various types of fastener 
now in use, including also various kinds of locking nuts. 


Field Research 


As has been demonstrated many times by the failure of # 
sound product to find a profitable market, it is highly esse 
tial that even before the designing is begun, field researth 
must be undertaken. No product development project ci? 
be established soundly until the purchasers’ wants and d¢ 
sires with respect to that product have been ascertained and 
design values have been established. A comprehensive dit 
cussion of this all-important type of research will be pt 
sented in December Propuct ENGINEERING by a recogtt 
authority in field research. 
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Industry Raises The Curtain 


On Products for Postwar Markets 





American industry is slowly coming face-to-face with the inevitable problem of recon- 
version. Cutbacks in war contracts are coming at an increased rate. The production of 
quite a few essential civilian products on a limited scale has already béen authorized. 
With the surrender of Germany, further drastic cutbacks. in war conitracts will be 
put into effect almost immediately. Even the production of nixplédee will be cut 40 and 
60 percent. Many of the materials which required high priorities are now available 
for the manufacture of civilian goods, at least to a limited extent. Magnesium is on 
the free list. The aluminum situation has eased considerably and the metal is now 
obtainable for many essential civilian items. The War Production Board has already 
announced that all restrictions and regulations on the production of brass and iron 
foundries will be lifted as soon as Germany is defeated. Thus, we are now witnessing 
the beginning of the return toward normalcy. It is fortunate that the super-abundant 
production of essential war materiels is making possible the beginnings of recon- 
version, thereby giving American industry time to lay the groundwork for the rapid 
reconversion which will have to occur to maintain full employment. 





a 


HERE is a great deal of discussion among design engineers in particular, concerning the design 

of postwar products. They are not concerned over what these products will be like ten or 

twenty years from now, but they are very much interested and anxious to find out about the 
design features in the products that are to be manufactured immediately upon reconversion. 

It is unfortunate that many popular writers. with only a limited technical knowledge have 
painted absurd pictures of postwar products. Allowing enthusiasm to run away. with their imag- 
ination, they have described plastic automobiles, high-frequency electrostatic heating for home cook- 
ing and innumerable other products. Many of these lurid descriptions have no basis in fact and 
at best, it will be many years before even the:modest predictions of these feature writers can be 
realized. A great deal of harm has been done wild these writers in building up in the mind of the 
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buying public expectations that cannot be met in the immediate pogt. 
war period. 

Engineers are putting forth their efforts only in the direction of 
the development of products that can be sold. As explained by Mr. 
George A. Mohlman, President of the Package Machinery Company: 

“We can build working models of ingenious shining machines, 
performing mechanical wonders previously unknown, but they may 
have one important drawback—nobody needs them, hence nobody 
would buy them. Our program is a long range one and we will be 
thoroughly prepared and ready to turn without delay from the manu- 
facture of war goods to peacetime wrapping machines that the world 
will demand.” This pointed statement effectively describes the engi- 
neering aims of all progressive manufacturers. 


New Materials and Processes Studied 


Of course, all designers are studying intently the ways and means 
by which they can profitably put to use the new materials and manv- 
facturing processes developed during the war period and the scientific 
progress during that period. Obviously, it cannot be expected that all 
of these developments will be reflected in the immediate postwar 
products. There are many problems still to be solved before these 
developments can materialize as advanced salable products. How- 
ever, a review of some of the most notable developments gives some 
indication of design possibilities in the development of postwar 
products and machines. 

Much has been written about plastics and, undoubtedly, this still 
new material will find its way more and more into the products of 
the future. The development of electrostatic heating now has made 
possible the proper curing of thermosetting plastic parts of much 
greater thickness. In fact, there is no definite limit to the maximum 
thickness of parts that can now be made out of thermosetting plastics. 
But the greatest significance of this development is its effects on the 
manufacture of resin-bonded laminated materials. 


Laminated Constructions Feasible 


Although there are still numerous probiems to be worked out, it 
is now commercially feasible to produce resin-bonded laminated con- 
structions a foot or more thick, curing them by electrostatic heating. 
The effectiveness and efficiency of this process is strikingly demon- 
strated in the manufacture of wooden airplane propellers. It has 
opened up the further possibility of producing laminated parts that 
have a controlled varying density at different cross-sections. Keels as 
long as 15 feet with a cross-section six by eight inches have been made 
with a varying density of material by varying the number of lamina- 
tions at different sections. This type of construction has now made 
possible beams of uniform strength and uniform cross-section. 

Glass fiber is another material that has captivated public imagina- 
tion. The many possibilities of this material have not yet been 
exploited commercially. It is only firmly established as a heat insula- 
tion material and glass cloth woven from such fibers has had a limited 
number of successful applications. The most recent of these is the 
use of glass cloth for resin-bonded laminated constructions. For such 
applications, there are many still untried possibilities and the success 
of the use of the material in aircraft constructions clearly indicates 
the field of its possibilities. 


Improved Developments in Glass 
In the public eye, the development of glass fiber has overshadowed 
the many significant developments in glass parts for mechanical 


applications. Previously, these were limited because of the high cost 
of producing parts to close dimensions. Now. however, through neW 
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techniques, glass manufacturers are able to produce parts to a high 
degree of dimensional accuracy and at relatively low cost. These 
developments have paved the way for the possible use of glass for 
many parts that could not previously be produced of this material 
because of the high production costs involved. 

Closely related to the new production techniques is the availability 
of parts of pure quartz at relatively low prices. This has been achieved 
through the development of new techniques in the production of such 
material. 

Although powdered metals cannot be classed as new materials, 
the high degree of perfection of this process has now made possible 
the manufacture of intricate parts to high dimensional accuracy at 
low cost as compared to such parts made by machining. The signifi- 
cance of this is that designers can now call for intricate shapes that 
were previously prohibited because of the high machine costs. 


Possibilities of Magnesium 


Perhaps the newest commercial metal is magnesium. Today it is 
the most abundant. In fact, it is so new that it offers a great field for 
future developments. The Germans have obviously discovered how 
this material can be forged and upset into relatively intricate shapes. 
and it is reasonable to expect that American developments in this 
direction will soon make possible the commercial manufacture of 
such parts in this country. Considerable progress in this direction 
has already been made. The other factor that previously limited 
the application of magnesium is corrosion. However, numerous 
chemical treatments and protective coatings have been developed with 
the result that properly made magnesium parts now meet for given 
applications the stringent specifications of the Army and Navy Air 
Corps. With the main problems solved and in view of the exceptional 
strength-weight ratio of magnesium, it is reasonably expected that 
this material will find a place in the design of many products. 


New Aluminum Alloys 


Aluminum, the first cousin to magnesium, has also benefited 
through research. The new series of “super-strength” aluminum 
alloys have tensile strengths greater than those of structural steels. 
Experience with the 75ST alloys in aircraft indicates the great pos- 
sibilities of this material in structural design. 

Aluminum impact extrusions, formerly limited to tooth-paste tubes 
and small thin-walled containers, are now made with walls up to 14-in. 
thick, and bottoms of indefinitely heavy thickness. Large parts 
weighing as much as several pounds are now made by this method in 
one stroke of a press. ‘ 


Steel in the Postwar Period 


Undoubtedly, the experiences of the war in the uses of N. E. steels, 
will have a marked effect on the steel specifications in the postwar 
period. Perhaps the most significant development in this field has 
been the addition of boron to steel. The much greater penetration 
of heat-treatment effects obtained in boron steels will undoubtedly be 
a factor in the selection of steels for many applications. It appears 
that there is still a great deal of work to be done in the control of 
boron treated steels, but there are clear indications that progress has 
already advanced successfully far enough to indicate great future 
possibilities. 

Two other developments that will unquestionably have a great 
eect on the design of steel structures are the results obtained 
through controlled and delayed quenching and the effects of sub- 
fo quenching. Both of these developments are still too new to 
Warrant definite predictions. However, the austempering process 
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announced shortly before the war, promises to make available carboy 
steels exhibiting properties of hardness and springiness not previ- 
ously obtainable. The sub-zero quenching of alloy steels has solved 
the problem of stress relieving quenching in parts that must posses 
high hardness. Undoubtedly, there will be further developments in 
this field. 

It is impossible for anyone to predict the part that electronics wil] 
play in the design and manufacture of postwar products. Undouht. 
edly, many machines and products will be greatly improved through 
the use of electronic controls. 


Significant Welding Methods 


Closely associated with the developments in electronics are the 
improvements in resistance welding. With the amazing degree of 
time-pressure-energy obtainable in the operation of modern resistance 
welded or brazed to flat sheet makes possible further economies jn 
aluminum and magnesium with a high degree of efficiency. Alloy 
spot welding now is so dependable that the Army Air Corps accepts 
this type of construction for other than primary improvements in an 
airplane. The significance of these developments is not only that 
these materials can now be welded successfully but the effect they will 
have in the design of parts as stamped assemblies to replace castings, 
forgings and other types of construction. 

With further reference to sheet-type constructions the successful 
development of mesh reinforced sheets wherein a wire mesh is spot 
welded or brazed to flat sheet makes possible further economies in 
certain types of load carrying structures. Considerable experiment- 
ing has been done with this type of composite sheet in the aircraft 
industry with the thought of using them in structures wherein a 
stressed-skin type of construction is desired. 

More recently considerable research and experimenting has been 
done in the development of dimpled or embossed sheets. Here the 
object is also to greatly increase the stiffness of the sheet construction 
in order to enable it to be stressed more highly. This development 
is really a further step beyond corrugated sheets which show 
increased rigidity in one direction at the sacrifice of rigidity in the 
perpendicular direction. 


Formed Tubing Advantageous 


Undoubtedly, in the design of postwar products engineers will take 
advantage of the many recent developments in the techniques em- 
ployed in the manufacture of formed tubing. Although the manufac- 
ture of taper tubing, stepped tubing and tubes with thickened walls at 
the end or ends are not new, the impetus of war has brought marked 
improvements. Such tubing is now obtainable to a far greater degree 
of dimensional accuracy. 

Prior to the war the alloys that were most suitable for use at high 
temperatures and conditions such as encountered by turbine blades 
could not be used because of the practical impessibility of machining 
such material to final dimensions. Now by means of the lost wax 
method unmachinable alloys can be cast to a dimensional accuracy 
greater than plus or minus two thousandths of an inch. The com 
mercial perfection of this process made possible the gas turbine and 
also jet propulsion. Undoubtedly innumerable other applications 
will be found for parts made of unmachinable alloys and cast to final 
dimensions by the lost wax method. 


Machining Speeds Increased 


Machining costs are in many instances a large proportion of the 
total costs in the production of the product. The use of electromit 
controls and carbide cutting tools now make possible vastly greate! 
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machining speeds. Negative rake milling cutters have made possible 
cutting speeds as high as 3,000 ft. per min. as compared to 600 ft. 
per min. prior to the war. Many of the other conditions in machining 
operations have been improved significantly during the war period. 
All of them will be reflected in the machining time cost for the manu- 
facture of postwar products. 

Along with all of the developments in industry goes the scientific 
progress of the past four years. Many of these developments are still 
shrouded in mystery because of the necessity for military censorship. 


Stress Analysis and Testing 


Much has been written about electronics for-mechanical engineer- 
ing. Designers think new methods of stress analysis and new methods 
of testing are perhaps even of greater importance. Recent develop- 
ment in x-rays by which the time required for a complete x-ray 
examination has been cut from minutes to seconds will undoubtedly 
result in more stringent specifications for the designer to establish. 

The electron microscope with its one hundred thousandth magnifica- 


tion has already brought to view hitherto unexperimented ‘fields. It 
is now possible to study the surface structure of powdered pigments 


and thereby establish facts concerning the behavior of the pigment in 
the vehicle. Such studies presage new developments in finishes. 


Industry’s Reconversion Plans , 


No one can prophesy with any degree of exactness the kind of 
products that will be offered to the immediate buying public after the 
war. Of course, every engineer is pretty well acquainted with what 
will be offered in his own particular field and he knows in every 
detail exactly what his own company has to offer. By visits to manu- 
facturing plants throughout the nation and through discussions with 
the engineering executives of those companies the editors of Propuct 
ENGINEERING have kept in close touch with industry’s plans for the 
reconversion. One fact was brought to light repeatedly. The post- 
war products will not be the flamboyant designs pictured by imagina- 
tive writers but will be sound improvements of prewar models. These 
improvements will give to the product appreciable higher sales val- 
ues than possessed by previous models in that the buyer will receive 
much more for his money. Not only will the postwar products be 
more efficient in operation and more durable but they will also have 
greater aesthetic values. The materials out of which they will be 
made will be of no concern to the buyer. He will be solely interested 
in the quality of the product and not in the “glamour” surrounding 
the materials and devices of which it is composed. 


Immediate Postwar Designs 


As every design éngineer well knows the immediate postwar 
designs will not remain unchanged for any great length of time. 
After the exigencies of war vanish, company designers will have 
greater freedom in their selection of materials and manufacturing 
Processes. With price controls eliminated and free competition 
te-established manufacturers will again bend their efforts in the 
development of products. On the one extreme there will be the 
deluxe products that embody the last word in precision, efficiency and 
appearance. At the other extreme there will be the models of the 
lowest price class wherein service values will be stressed almost to 
the exclusion of everything else. And regardless of the class to which 
the particular model might belong there will always be competition 
based on price. Indeed, it will be fatal for any company to rest upon 
its laurels because their postwar product is treated as the last word 
in design. The ultimate in this field can never be reached until 
the mind of man ceases to function. 
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es, 


New Combine Is Self-Propelled 


EDESIGN and improvement of agricultural combine design was begun by Massey-Harris 

engineers just prior to Canada’s entry into the war. Large scale production of the new 
design is now underway. The combine has numerous refinements. A single motor provides 
tractive power and power for thresher operation. No tractor is required. The cutting table 
is in front of the machine, allowing the operator to see the row he is harvesting and 
to make stops when stones or other obstacles are encountered. The machine can make 
sharp turns and can work close to fences. Shafts and controls are mounted on roller bearings. 


Four straw walker separation 
— Two crank action 


nel (ntake 
% tor motor 


Adjustable sieve 


Return pan fo 
front of clean- 
ing screen 


Cleaning 
screen 


Return pan to 
gleanings auger 


Combine operates with either a canvas cutting table or an auger 
table. The former has moving canvas platforms at both sides feeding 
the grain to the center cross-conveyor platform which carries grain to 
the chain-operated feeder-elevator. On the alternate table the grain is 
brought to the fesder-by the auger action. The tables are 12 to 14 ft. in Grein-auger 
width. The feeder-elevator is.at a steep incline to eliminate clogging. 

It feeds the grain into the rub bar cylinder which operates at varying 

speeds, depending on the kind ‘of grain being harvested. 


Return pan to 
grain auger 
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Grain is threshed between the cylinder and concave, pe eens + das 
and kernels fall on a ribbed grain pan. Straw is delivered “ 
to four crank-operated straw walkers, built of sheet metal : 
with trough bottoms to prevent loss of grain in side-hill OO RIO’: 
operations. These walkers pitch and toss the straw, 
shaking loose all remaining grain and chaff. Straw is 
tossed off the rear end of the walkers. Grain and chaff 
are delivered to the grain pan. A hinged cover permits 
access for cleaning or changing screens. 
Grain kernels on grain pan are shaken to the rear of 
machine onto an adjustable sieve through which they 
drop to a sloping return pan. This sieve is adjustable to 
handle various crops from fine grass seed to the coarser 
grains and bean crops. In falling through this sieve the 
grain is contacted by a blast of air which blows off the 
light chaff. From the return pan the kernels are delivered 
to the front end of a cleaning screen and subjected to 
another air blast to get rid of the remaining heavier 
chaff particles. After passing through this two-in-one 
shaker shoe, the clean grain is transferred from the 
screen to a trough fitted with an auger which drives the 
grain to an elevator and into the 45-bushel grain tank. 
Unthreshed heads of grain and a small amount of chaff 
drop into another trough. An auger returns these for 
another run through the cleaning process. 


Adjustable deflector for 
returning gleanings fo 
cylinder or walkers 


Vaan 
Return to / . Grain elevator 
shaker shoe oe / 
UR 2 
a 


Deflec "Y I | 


(p 


leaning d/ } n 
levator t/B J Lil), : 45 bushel grain tank 


Rub bar cylinder 


linaae veote 
Ssiripper beater , Non-clog type large capacit: 
feeder. Podfhi; ve Floating action 
adjusts itself fo incoming vol- 
ume and odelivers grain 
cylinder in constant even flow 


Cross conveyor 
roller chain runs 
on stee/ track 


large-diameter fan 
with adjustable 
air ittake 











table Grain pan Adjustable 
or concave 
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New Combine Is Self-Propelled (continued) 





Truss construction js strong, rigid and light. 
The steel frame is hot riveted and electrically 
welded into one unit. The motor is mounted on 
the steel frame for ease of servicing. It can be 
slid out from the combine for repairs. 


Rubber-tired wheels permit travel 
on highways. For wet-field operation, 
track-laying treads replace the wheels, 
and metal extension lugs are placed on 
the rubber-tired rear steering wheels. 





Six-eylinder, heavy-duty industrial 
engine with self-starter and battery ig- 
nition powers the combine. Four for- 
ward speeds and reverse are provided 
for land travel. A separate constant- 4 . é 

speed transmission drives the threshing | = {\ ae ath, aa 
mechanism. Power is transmitted to all | a 
parts of the combine through a com- 7% 

pact system of flat belts, V-belts and 

chain drives. Air for motor cooling is 

obtained through a vertical intake fitted 

with a screen. 
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Refrigerator for Transport Planes 


HIS compact 4% cu ft. unit developed by Airtemp Divi- 

sion of Chrysler Corporation requires less than 3.5 sq. 
ft. of floor area. Weight was reduced to a minimum consis- 
tent with structural strength without loss in capacity or 
Operating efficiency. Net weight of the unit is 106 lb. All! 
parts of the radial compressor are made of aluminum except 
those internal parts where aluminum is not practical. Com- 
Plessor features include superfinished, balanced moving 
parts and removable cylinder liners. Freon 12 is used as 
refrigerant. 

Compressor is V-belt driven by a ¥% hp. electric motor 
of lightweight aircraft type. This 1,725 r.p.m. shunt-wound 
Motor operates on 24-volt d.c. but a dual voltage system is 
Mailable which allows operation of the refrigerator, not 
tly on 24-volt c.c., but also on 110-volt a.c. When the plane 
isin the air the refrigerator operates from the plane’s elec- 
tical system. On the ground it operates from commercial 
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current when such current is available. Cabinet, of 22-gage 
¢luminum, reinforced with aluminum structural angles, is 
finished inside and out with white dulux enamel. The walls 
are insulated. 

The all-aluminum, direct-expansion type evaporator is 
equipped with two ice trays, freezing approximately 3 lb. 
of ice at one time. An aluminum defrosting tray is provided 
with suitable clips for anchoring it in place below the evap- 
orator. The two lightweight aluminum shelves have their 
front edges turned up to prevent containers from sliding 
off. The cabinet door is supported and fastened by light 
hardware and a latch provides sealing force for the gasket. 
Other construction features include an automatic expansion 
valve of the adjustable type; back-seating type suction and 
discharge valves, fitted with seal caps; a 4-blade aluminum 
condenser fan directly connected to the motor shaft; a con- 
denser coil of finned tube construction made of aluminum. 
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Flexibility Features Heavy-Duty Diesel Engine 


IGH OUTPUT, minimum over-all dimen sions and low weight were the design objectives 

in the Viking diesel engine made by Sterling Engine Company. Adaptability to indys. 
trial, marine or transportation installations is achieved by changing location of accessories or 
omitting them. Basically, the engine is a 6- or 8-cylinder unit, with or without supercharging 
Eight-cylinder model measures 144x 25x60. in. overall. Horsepower ratings range from 275 
at 1,000 r.p.m. for the 6-cylinder engine, unsuper charged, to 650 at 1,200 r.p.m. for the super. 
charged 8-cylinder unit. Weight of basic 6-cylinder model with reverse gear is 8,000 lb, 
and of the 8-cylinder engine is 10,000 lb. Supercharger adds 500 lb. and reduction gear adds 
2,000 lb. to the weight. Covers, used only for sea ling against oil leakage, are made of aluminum, 


C sb fs + of forged steel Main oil header Fuel pump and nozzle 
has integral cams and mounted on center line 
os of each cylinder allow 


short injection line 








Oit pan fabricated from 
Rigid-Tex stee/ sheet 





Cylinder block heavily ribbed 


-© Steel tubes in holes drilled in crankshaft 
carry oil to connecting rods 


= 


Crankshaft made of special allay 
cast iron is cored for lightness 





Crankshaft is made of special alloy 
cast iron to take advantage of damping 
characteristics. Individual cylinder 


_ heads include four valves, injection noz- 


zle and bearings for valve followers in 
each. Camshaft is made in several sec- 
tions flanged together. Lubrication is 
of dry-sump type with two identical ro- 
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tary gear pumps provided. One pump 
takes the oil from engine sump through 
filter and cooler to service tank, from 
which pressure pump forces oil to 
main oil header from which it passes 
through drilled passages to main bear- 
ings. From here it passes through steel 
tubes to the crank pins and on through 


drilled holes in connecting rod to piston 
pins. Camshaft bearings are lubricated 
directly from main header. Separalt 
lines also carry oil fuel pumps, valve 
tappets, rocker arms and valve mechat 
ism. Lubricant from rear main bearilg 
is furnished to reverse gear through tht 
rifle drilled crankshaft. 
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Supercharger 





Cylinder block is made of cast iron, 
is heavily ribbed for stiffness, and con- 
tains main bearings, camshaft bearings 
and cylinder liners. Double-spring 
valves are actuated by hydraulic lifters 
which reduce tappet noise and com- 
pensate for wear in valve gear system. 
Fuel-injection pumps are actuated by 
tappets from crankshaft. Tappets have 
umbrellas to prevent dilution of fuel oil 
by lubricating oil drains, and can be 
adjusted to advance or retard injection 
timing In the marine model, cooling 
system has two identical self-priming 
centrifugal pumps. One pump circu- 
lates sea water through heat exchanger. 
The other circulates fresh water 
through the heat exchanger, a manifold 
east integrally with the block and then 
through the engine water jackets. The 
ylinder liners are of the wet type. The 
ooling water velocities in the jackets 
found the combustion chamber and 
e@thaust port are high to increase rate 
of heat transfer. The exhaust manifold 
®also water cooled. All water outlets 
m# vented to water discharge header 
tbove exhaust manifold. 


~ 
J 
Te 





Generator 


Cast-iron housing for 
reverse gear also supports 
supercharger, reverse contro/ 
and heavy thrust bearing 
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Centrifugal 
‘self-priming 
pumps 





Starting motors — 
one on each side 






Lubricating 
o// pumps - : 
Rernovable covers a 
for inspection of 

tirning mechanism 


Exhaust 
manit o/c 


Meehanite . 
rocker arm 
supported 
in cast-steel 
brackets 


operated 
hydraulically 


Forged stee/ ring 
























Cast-iron cylinder liners, 
grooved to allow water 
‘to pass to cylinder head 


Pistons of. cast 
alurninurm alloy 


_. Neoprene ring seals 
bottorn of jacket 
water space 


Connecting rod of 
forged stee/ rifle 
drilled to carry oil 





Camshaft 
bearings held a 
by removable 


cast-iron Ribs provide 
caps : stiffness 
Cronkshaft me. Bolted covers 


for access 
2 


\\ 


% ‘ 
\ \ : : 
‘ mun Holes with cast 
\ flanges reduce 
i ” weight and add 
CO eee Ny stiffness 
Forged stéel main 
bearing cap and 
bottom of cylinder 
biock have serrated 
edges to maintain 
Proper atignment 


Mating surfaces 
‘of connecting 
rod and cap are 
serrated to insure 
proper alignment 
_under all conditions: 
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Serni-finish station 


Rough adrit} 
station 


Clamping wheel 


Handle for 
lowering 
conveyor 
rolls 


Finish rearn station 








Hydrauisic 
feed pane/ 


Locating 
stud 


Standard Hydraulic Power Units 
Used on 3-Station Machine 


UILT to speed machining of heavy cylinder blocks, this 
drilling and reaming machine consists basically of a 
rigid cast-iron base on which is mounted three columns-and 
three work-holding fixtures complete with independently 
operated conveyor tracks. The machine, designed by Le- 
Maire Tool and Manufacturing Company, performs three 
operations: Rough drill, semi-finish ream, and finish ream. 
All holes are machined to an accuracy limit of +0.001 in. 
from nominal size for hole diameter and location. The 
work progresses from left to right. At the first station a 
vertical column supports a twin ram unit which actuates a 
four-spindle drill head and bushing plate arrangement for 
rough drilling four holes and spotfacing one hole with a 
combination tool. At the second station a similar arrange- 
ment semi-finish reams the four holes. At the third station 
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finish reaming of the four holes is accomplished with 4 
rigid slide-type unit mounted on a cast-iron column and 
containing a multiple head with bushing plate supported 
by an auxiliary slide, in addition to guide bars. 

The cylinder block is fed onto the conveyor rolls of the 
first fixture at the left end of the machine until the block 
strikes a temporary locator on each fixture. A handle 
serves for lowering the conveyor rolls and causes the 
cylinder block to be located finally on a “disappearing” 
type of locator on each fixture. These moving locators and 


conveyor rolls are operated by a rack and gear. Permaneat 
rest buttons locate the block vertically. A handwheel at the 
top of the fixture clamps the block in place. Guide.rais 


keep the ‘block in a straight line as it is moved from me 
station to the next. 
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| transformer 
; Contro/ 
Spindle and fuses 
purmp start ‘ M : 
' j mm py 
7 ond pump 
See ™) 
Sah No./ forword ‘ 
a solenoid as ’ <3 
AG pe a 
Ls 2220007 x 
ci-....) Mo 2 fot i 
Ernerge so/eron 
return — ) 
Main contro/ 
_ for / \ 
r-way ~~. 
valve ‘ 
Control No.1 opercttes limit switch \ = 
No. A =< interlock in. \ aa 
start circuit for rapid advance ~ i -< FE < «| 
a Niais Sokenad | 
inde for Hh 
ITivirig------ ¢ Soe 
7 multiple head ag 
| Spindle speed a 2 ‘ 
.S eat lal A3IS rprn---—- f 
om 54 rpm. 7 
) No.2-3-4-5 Morse taper . Ee, 
gr when using------- 
spindle } 
Limit switch No.1 must be ar oe —- : 1 
closed to complete circuit ------~ . 


Pushbutton energizes solenoid No./ which positions ie 


main contro! spool for rapid advarice ~-for rapid return 


spool frorm &, Control dog No. 2 depresses 
rapid advance ~}---limit switch No.2 to complete . 
to feed rapid return circuit 


Limit switch: No. 2-/s closed 


This switch energizes solenoid No.2 























Spring loaded clog 

“Symoves mmdaif SPpoo 
ftom rapid return 
to neutral 








First twe columns have standard LeMaire power units, 
which are self-contained and hydraulically-operated. The 
units are driven by motors at the top of the columns through 
suitable V-belts and sheaves. Rapid advance, feed, pause, 
and return are provided. The multiple spindle heads are 
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driven from the quills of these units through suitable gear- 
ing. Bushing plates are attached to the multiple head 
through rods and springs and are guided by two pilot bars 
attached to the units and the columns by suitable brackets. 
Positive alignment of tools is assured through slip bushings. 


Finish ream station has a slide lo- 
cated on ways integral with column. 
The bushing plate at this station is on 
an auxiliary slide on the main slide, 
which carries, in addition to the multi- 
ple head, a driving gear box directly 
connected to the housed motor, also on 
the slide. Ways on this station insure 
close accuracy of alignment of tools 
with work. The slide at this station is 
operated by a hydraulic system located 
in the column The system is shown 
schematically. Oil supply tank is lo- 


‘cated in the bottom of the column. 


Pump and motor are mounted on the 
tank cover. The feed panel which con- 
trols the forward and return motions 
of the slide is located on the side of the 
column. The control panel is of con- 
ventional design, providing rapid ad- 
vance, coarse or fine feed, dwell, rapid 
return, and stop. Dogs control various 
functional travel lengths. Certain push- 
buttons provide a start, cycle start, 
master stop, and emergency return. 
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Bomber Landing Gear 
Adaptable 
To Commercial 


Transports 


EW lightweight, retractable landing gear having novel 
features for bracing and locking in the down position. 


will make possible greater payloads in postwar commercial Mechanism js supported by an N-strut attached to the 

planes. The gear, developed by Glenn L. Martin Company, forward wing spar. This strut can be made as a single 

is now in service on the A-30 Baltimore bomber. In. this forging to eliminate numerous small assemblies. The oleo 

installation, the main gear weighs 897.134 lb. as against cylinder is attached to one end of a trunnion shaft 

19,000 Ib. gross weight for the plane, a landing gear to gross mounted on bearings in the N-strut and braced with a 

weight percentage of only 4.72, but having a 6g load factor. single cross brace from the opposite end of the trunnion 
shaft. Direct connections from the oleo cylinder operate 
the wheel-well doors, eliminating additional hydraulic 
mechanisms and assuring positive action. Gear is raised 
and lowered by a hydraulic cylinder which moves a 
crank attached. to the oleo cylinder and rotates it about 
the trunnion shaft as a pivot. 


az RE PRE 





Positive locking is provided in the drag strut 
design. The forward end of this strut is attached 
to the oleo cylinder. The aft end is fixed to a 
trolley and track on the underside of the wing 
inside the nacelle. The trolley runs free during 
raising and lowering operations. As the gear 
reaches the down position, a block on the trolley 
engages a hook-like fixture which is part of the 
main structure and lifts the wheels of the 
trolley off the track, transferring the landing or 
take-off load to the main structure. Simultane- 
ously, a square pin with one beveled edge is moved 
by a hydraulic cylinder to engage the trolley 
and lock it to the main structure, and thus 
through the drag strut, locking the gear into 
down position. On the raising operation, the 
cylinder withdraws the pin and the trolley slides 
back along the track as the gear retracts. 
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Cargo Plane Engines Protected Against Fire 





Spray nozzles 





Distributing Manifold (4) 


Flexible 
hose (2) 


Ni 
‘h 
\ 


\ 
. 


I 
\ Flexible 
| shose (2) 
1; 

{ 

1/ 

: 


ii 
yi 

















CO, from master cylinder 
“unseats mairr check 
(ee below). . 

« 


CO, flows to 4th 
cylinder and 
operates valve 








Mamually operated control heads 
u€ assembled to two master cylinders. 
lath control head consists of a sheave 
ind plunger. Rotation of the sheave 
it a clockwise direction depresses the 
Mger and unseats the pilot check of 
ihe master cylinder valves, permitting 
the gas. to pass around the check, 
‘the valve gas passage to the 

fe side of the piston. This pres- 

wes the piston and unseats the 

Kk, releasing carbon dioxide to 


the carbon dioxide passes 


iid the pilot check of the master. 


Met valves, it flows simultaneously 
Mid through gas passages of the 
Mi head and is conducted to the 


remaining cylinder valves by tubing. 
The main checks of the pressure-oper- 
ated cylinders are operated in the same 
manner as the master cylinders, with 
the gas-conducted to the manifold, then 
to the discharge nozzles or perforated 
tubing. Arrangements of nozzles or 
perforated tubing discharge the gas 
between the air inlet and the hazard, 
preventing the passage of flame or flam- 
mable liquids from one area to another. 
Fire-detectors, with hair-fine organic 
filaments that are instantly destroyed at 
the approach of flame, are located 
throughout the engine compartments 
at all points of flame egress. These de- 
tectors automatically signal the pilot 
when fire breaks out in either nacelle. 


ENGINEERING —;-NOVEMBER, 1944 


FLEXIBLE fire-fighting system 

capable of delivering either large 
volumes of carbon dioxide gas for ma- 
jor fires or small volumes for minor 
blazes has been developed by Walter 
Kidde & Company for the Curtiss Com- 
mando cargo plane. The system can be 
applied to postwar transport or freight 
airplanes or to any engine-driven ve- 
hicle where fire hazards exist. 

Two banks of four interconnected 
shatterproof steel cylinders of liquid 
carbon dioxide gas under 850 lb. per 
sq. in. pressure are located in the 
nacelles of the twin engines or in a 
convenient location in the after com- 
partment. The gas, when released, ex- 
pands to 450 times its stored volume. 
The entire contents of the eight 5-lb. 
cylinders, when released into the engine 
compartments, provide a_ sufficient 
quantity of gas to kill the largest en- 
gine fire. If the blaze is small, only 
sufficient gas to control it need be dis- 
charged. Each of the cylinders has a 
separate valve, By means of a selector 
valve, the flow of carbon dioxide can 
be independently directed to any fire 
zone in the exact qtiantity needed, with- 
out impairing the ability of the system 
to cope with a later emergency during 
the same flight. 
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All-Electric Speed Reduction Unit 


PEED-REDUCTION between high-speed prime movers in add.tion to maintaining a substantially constant speed 
and drive shafts is accomplished electrically in a new ratio between driving and driven members the new unit pro 
unit designed by Thomas D. Bowes and manufactured by vides power for auxiliary service loads through slip-ring 
the Ridgway Division of Elliott Company. The device is take-off circuits. It can be used as a source of electric] 


¢ 
f 


built in two types, reversing and non-reversing. The non- power for cargo handling and similar functions when ng 
reversing drive is available in sizes from 300 brake-hp. up. operating as a speed reducer. 


Three main elements, concentrically 
mounted, comprise the drive: An engine 
element which is bolted to the prime 
mover shaft; a shaft element which is 
coupled to the driven shaft; and a station- 
ary element. The engine element is essen- 
tially a synchronous generator rotor with 
poles selected for the desired speed ratio. 
The shaft element is a rotating spider on 
which two armatures are concentrically 
mounted in relation to the engine element. 
The inner armature, together with the 
engine element, forms a generator, provid- 
ing electrical energy and also transmitting 
torque to the driven shaft. The outer 
armature operates as a motor, using the 
field of the third or stationary element to 
convert electrical energy into mechanical 
energy for turning the driven shaft. 





; 
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Driven Element sis Stationary Element 


Bees e 8 SE EC™ 
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fabricated steel spider 
_-- with concentric armatures 
PO Protected ‘collector rings 
_- and brush holders for 


auxiliary power supply g 


, 
‘ 


. Combination guide 


Brush holder --~~._ and thrust bearing 


? 
/ 


tant speed 
NW UNIt pro. 
h slip-ring 
t electrical 

when not 


Collector rings __-*” 
for excitation 


‘ 
‘ Cousled fo 
ariven shafts 


>+~-./nner rotor 


If the shaft element is held stationary, 
the inner parts of the drive operate as a syn- 
chronous generator, supplying electrical en- 
ergy. In the normal course of operation the 
shaft element rotates at the speed desired for 
the driven shaft. The relative speed between 


the engine field element and the shaft element 
adjacent to it causes the generation of electri- 
cal power. The reaction torque which is ab- 
sorbed in a normal generator’ by the frame 


supports, is then readily available to turn the 
shaft element. 





zs Drains of 
| Molded Plastic 


SE of cellulose acetate simplified the 

production of this drain assembly as 
ily one operation is necessary for each 
part. The drain consists of three sections. 
The drain, surface lip and long threaded 
ction that fits on the drain pipe are\in 
ge piece. A rubber washer which is held 
it place by a cellulose acetate washer 
fmpletes the assembly. The washer is 
thaped to fit any standard wrench. The 
ain is molded by Plastics, Inc., for A. G. 


Tompkins Company. Celanese Oelluoid 
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Multi-Purpose Injection Molding Machine 
(pens New Fields for Plastic Articles 


Y SUBSTITUTING a feed screw 
of special design for the conven- 
tional plunger-cylinder mechanism. 
Walter P. Cousino, Chrysler project en- 
gineer, has succeeded in producing con- 
tinuous volume-flow in injection mold- 
ing machines. This achievement means 
that thermoplastic and thermosetting 
plastic items and rubber articles of 
almost any size can ‘be produced. The 
machine runs continuously, feeding 
material into the mold at extremely 
high pressure until the last cavity is 
filled. At this point, the feeding head 
lifts slightly, the feed is stopped, and 
curing takes place. If an extrusion die 
is used instead of a mold, the machine 
produces tubing or bar stock in long 
lengths. 

Rubber items up to 6% lb. have been 
injected in 45 sec. on the Cousino ma- 
chine. Plastic battery boxes weighing 
8 lb. are in commercial production. 


738 


The weight of the part that can be 
made depends on factors such as the 
size of the feed screw and its speed. 
Limitations upon section thickness have 
not ‘been adequately determined, but 
pieces 244 in. thick have been cured 
throughout in four minutes. 

Speedy curing is another characteris- 
tic of the Cousino machine. For many 
items the curing time has been cut to 
about one-tenth of that normally re- 
quired. The reason is that the material 
is quickly raised to a temperature of 
180-210 deg. F. (for synthetic rubbers) 
just before being squirted through the 
injection nozzle into the mold, which 
is maintained at a high curing -temper- 
ature of 325 to 375 deg. F. Curing 
times for conventional rubber stocks 
thus range from 1 to 4 min., as com- 
pared with the 15 to 20 min. required 
by most equipment. Approximately 75 
percent of the heat imparted to the 


material before injection is developed 
by friction, thé remaining 25 percent is 
obtained from electric heaters. The 
frictional heat arises from the churn- 
ing action of a small extension on the 
feed screw turning within the nozzle. 
Pre-curing of the plastic while in the 
feed screw is avoided, because fric- 
tional heat is developed only when the 
machine is running. 

Tests upon parts produced with the 
Cousino machine indicate that neo- 
prene compounds cured at 375 deg. F. 
for 3 min. possess physical properties 
15 percent higher than when compres 
sion molded. 

Despite the progress made in com- 
mercial use of the Cousino machine by 
Chrysler Corporation and its licensees, 
there is still much application-engineet- 
ing work to be done before the commer- 
cial possibilities of the machine will be 
fully known. 
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thermosetting plastic 


























Typical produets made on the Cousino injec- 
tion molding machine are: (1 to 4) Experimental 
tubing produced with 
yin, wall thickness and inside diameters from 
1% to 5 in.; (5) thermosetting battery case, 

er-filled, weighing 8 lb.; (6) thermosetting 
paper-filled plastic bar; (7 and 8) thermosetting 
cap and butt for tube No. 1; (9 and 10) ther- 
moplastic and natural rubber carburetor bowls; 
(11) mat of synthetic rubber link bushings for 























shock absorbers; (12, 13 and 14) synthetic 
rubber seals. 
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PRESENT AND POSTWAR PRODUCT DESIGNS 











Fer the rubber injection-molding 
machine, a feeding head is pivoted to’ 
the stationary portion of a horizontal 
press, or mold clamp. When the auto- 
matic cycle is set in motion, a hy- 
ic cylinder raises the head to the 
Yettical position. Meanwhile the mold 
Closed, so that the feed nozzle can 
gage a sprue opening in the parting 
Push-down pressure of the noz- 

de into the sprue hole totals 6,000 


The head consists of a drive for the 


i 


feed screw, the feed screw and baffle 
chamber, and the nozzle. Normally, a 
screw 2 in. in diameter by about 14 in. 
long will deliver 70 cu. in. of rubber 
when operating at 82 r.p.m. “Baffle” 
gears meshing with the feed screw 
have two functions: To prevent the 
material from turning with the screw 
and to build up the injection pressure 
to 25,000 lb. per sq. in. approximately. 

At the lower end of the feed screw 
there is a smaller screw which churns 
the rubber and by frictional] heat raises 
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the temperature of the plasticized ma- 
terial to 180-210 deg F. just before it 
is squirted through a 54-in. nozzle. 

To run the machine, the rubber stock 
is fed into a guide that engages with 
the top part of the screw. When the 
mold is filled, the filling pressure ex- 
ceeds the nozzle push-down pressure, 
and the head lifts slightly. Thereupon, 
a micro switch is actuated and the feed 
screw is stopped and then reversed 1144 
turns. Overflow rubber between the 
mold and the nozzle insulates the latter 
from the high-temperature of the mold 
and prevents material remaining in the 
nozzle from setting up. Automatic re- 
versal of the feed screw removes pres- 
sure, prevents curing material between 
nozzle and baffle section. 

Some variations in the machine are 
required when injection molding of 
thermoplastic and thermosetting mate- 
rials. Plastic granules or pellets are 
charged into a hopper and an auxiliary 
mechanism transfers them to the feed 
screw. This mechanism is synchronized 
with the rate of injection and serves to 
insure constant delivery of plastic into 
the heating chamber. Without this de- 
vice, the plastic granules have a tend- 
ency to bridge across the feed screw. 
Feed-screw reversal avoids pre-curing 
thermo-setting material in nozzle. 
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artime Refinements Improve Postwar Motorcycle 


QO SECURE maximum ruggedness and reliability in the field, Army specifications die. 
tated important refinements in motorcycle design. 
ciably altered but drive, springing and Indian Motorcyele 
Company. builder of Army motorcyeles, plans to include such wartime design refinements in 
their postwar models. - 


Motor construction was not 


appre. 
other details were improved. 


Engine is 90-deg. V-type for dynamic balanee. It is fitted with an oil bath air cleaner and 
a dual exhaust. Drive to rear whéels is through a single-plate dry clutch and drive shaft, 
Ride is improved by redesign of rear springing to utilize coil springs. The front fork is on 
a spring suspension fitted with a hydraulic shock 


absorber. Handle bars are mounted 
rubber. Controls are similar to world standard. 


in 


! 90-deg. V-type engine 


Ot-bath air cleaner 
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Fig. 1—Rigidized sheet metal and composite panel sections held together by Rivnuts. 


Rigidized Sheet Metal 
Lightens Panel Design 


DIMITRY E. OLSHEVSKY 


Consulting Engineer, Rigid-Tex Corporation 


Development of a method for substantially increasing flexural strip rigidity of 


sheet metal in all directions by impressing carefully designed patterns of beads 


and ridges offers a new approach to weight reduction of panel 


weight of the structure is largely 
determined by the thickness of the 
sheets. Failure is usually by buckling 
and occurs at a stress considerably be- 
low the yield point of the material, the 


|; ANY web-type construction the 


‘Tigidity of the sheet determining the 


#ad-carrying capacity of the structure. 


“his problem is met in the design of 


airplane fuselages, truck, bus and 
tiailer bodies, railroad cars and numer- 
ous other structures. 

Several methods can be used to in- 
crease the stiffness of a web. Use of a 
thicker sheet, with rigidity increased in 
proportion to the cube of the sheet 
thickness, increases the weight. .An- 
other factor determining the load- 
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structures. 


carrying capacity is the length and 
width of the panel. The smaller the 
panel the stiffer it is. But to increase 
stiffness by this method requires a cor- 
responding increase in the number of 
frame members and fastenings, thereby 
defeating the aim to decrease the 
weight of the.structure. The most effec- 
tive method for making possible the 
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use of thinnest gage sheets is to emboss 
the sheet in such a manner as to in- 
crease the moment of inertia of its 
cross-section. 

In sheet constructions wherein the 
loads are in one direction only, the 
rigidity of the sheet can be greatly in- 
creased by corrugating it. This greatly 
increases stiffness of the sheet in one 
direction ‘but reduces stiffness in the 
perpendicular direction. Hence such a 
sheet construction is suitable only when 
the stresses are all in one direction. 
This is not the loading condition for 
panels or webs in trusses. For such 
constructions the ideal web is one in 
which the rigidity is practically the 
same across all cross-sections at every 
angle with the principal axis or axes. 
This condition is met by a flat sheet. 
If such a sheet be embossed or dimpled 
in a proper manner it is possible to in- 
crease the rigidity of that sheet greatly 
in all directions. Although absolute 





uniformity of rigidity in all directions 
has not been obtained, it is possible to 
approach quite closely to this ideal by 
properly designed embossing. 

Embossed sheets that have substan- 
tially greater rigidity in all directions 
have been developed. The specific type 
discussed in this article, developed by 
the Rigid-Tex Corporation, Buffalo, 
New York, is marketed under the trade 
name, Rigidized Metal. Fig. 1 shows a 
portion of one of the typical forms of 
such sheet and also two examples of 
composite panels made of them. These 
sheets are produced from flat sheets by 
rolling in a pattern that is identical on 
both sides of the sheet and so designed 
as to have the effect of corrugations in 
two perpendicular directions. The tops 
of the protuberances or embossings are 
made flat in order to facilitate drilling, 
riveting, spot welding and other shop 
operations. 

Fig. 2 shows graphically the relative 











Fig. 2—Comparative directional distribution and magnitude of flexural rigidity 


in corrugated and Rigidized sheet metal having same weight as the plain sheet. 
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Table I—Angular Distribution of 
Rigidized Sheet 


Pattern in Fig. 1 (without herringbone 
reversals) 
Material — 24ST Aluminum 
Sheet thickness — 0.040 in. 








Tested at Aero Research Company, 
Farmingdale, N. Y. 














Ratios of flexural rigi ity 

tinstct plain’ chest ofan 
‘ that o ain t 5 

a weight per unit projected 

Deg. area. 

In Strip | In Absolute 

flexure EI values 
0 1.83 126.8 
15 1.73 119.9 
30 1.54 106.7 
45 1.54 106.7: 
60 1.62 112.2 
75 1.58 109.4 
90 1.58 109.4 
105 1.53 106.0 
120 1.47 101.8 
135 1.40 97.0 
150 1.49 103.2 
165 1.70 117.8 
180 1.83 126.8 
Plain sheet 1.00 69.3 











* Rigidity ratios, if referred to a plain 
sheet a the same original gage, are 30 per- 
cent higher use forming this deep 
pattern reduces the area somewhat, thus 
increasing weight per unit projected area, 
so that a plain sheet of the same gage is 
about 9 percent thinner than an imaginary 
sheet of equivalent weight. Also sheet 
rigidity is proportional to the cube of its 
thickness. 

















0.040-in. stock, pattern at J 
lower left Fig.l. Absolute 
EI valves are given in .— 














0.0/6-in. stock, pattern 
shown in Fig. 7.Absolute 
El valves are given tn a 

















Flat sheet of same 
weight per unit 
prajected area 















a 





Figs. 3 and 4—Proportional increases in flexural strip rigidity of Rigidized sheets of 24ST aluminum relative to flat 


sheets of equal weight per unit projected area. Proportional increases in rigidity are reduced in heavier gag® 
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Fig 5—Composite floor panel and simple method of application. Fig. 6—Curved structural 


stiffness of rigidized sheet, corrugated 
sheet and flat sheet all of the same 
weight per unit of projected area. 
plotted to polar coordinates, the length 
of the polar vector being the index of 
stiffness at that angle. This graph 
clearly shows the outstanding feature 








Table I! — Angular Distribution 
of Rigidity in Rigidized Sheet 
: Pattern in Fig. 7 


Material — 24ST Aluminum 
Sheet thickness — 0.016 in. 





Tested at Aero Research Company, 
Farmingdale, N. Y. 

















Ratios of flexural rigidity 

and EI of Rigidized sheet te 

that of plain sheet of same 

Azimuth weight per uuit projected 

Angle area.* 
Deg. 
In Strip | In Absolute 
flexure EI values 

0 2.07 7.06 
15 2.23 7.61 
30 2.37 8.10 
45 2.10 7.16 
60 1.69 5.77 
75 1.32 4.50 
90 1.19 4.07 
105 1.32 4.50 
120 1.69 5.44 
135 2.10 7.16 
Boe} 62st | 6.10 
15 | 2.23 7.61 
Oi] eB AME och ens 7.06 
Plain sheet 1.00 3.42 


— 


*This pattern is produced on 0.016-in. 
ag without change of weight per unit 





=. 





Beat 


members can be made by bending a “sandwich” before drilling and riveting together. 


of the Rigidized sheet, namely, the 
relatively’ high stiffness in all directions. 
It also emphasizes the fundamental dif- 
ference between such sheets and corru- 
gated panels. Figs. 3 and 4 show accu- 
rate percentage increases for two types 
of Rigidized sheet. 

The use of Rigidized sheet materials 
is most advantageous when the stressed 
panels are subjected to compressive, 
shear and diaphragm loads. In many 
instances a composite construction us- 
ing a rigidized sheet and one or’ two 
plain sheets held face-to-face by spot 
welding or riveting is used. Such a 
construction is illustrated by the com- 
posite floor panel shown in Fig. 5. 
Curved panels can be made by bending 
plain sheets in face-to-face contact 
with the rigidized sheet and then hold- 
ing the two sheets together in a jig. for 
drilling and riveting. Such a construc- 
tion is shown in Fig. 6 wherein explo- 
sive rivets are used because of inaccessi- 
bility to one side. In addition to riveting 
and spot welding, brazing and some 
types of the new plastic adhesives might 
be used to hold sheets together. 

Rigidized sheets are now available in 
all ferrous and non-ferrous alloys in 
wiaths up to 36 in. and in any length. 
Gages range from 0.005 to 0.125 in. 
thickness. The over-all depth of these 
sheets as measured from the tops of 
the embossings may be as much as ‘fe 
of an inch as in the pattern shown in 
Fig. 1. This is accomplished without 
any appreciable change in the original 
thickness of the sheet, without produc- 
ing large bowl-shaped areas and with 
a minimum of internal stress. Heat- 
treating schedules have been developed 
to meet various requirements. 

Although deeply impressed patterns 
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give substantially increased stiffness in 
all directions, not all constructions 
would require such a high degree of 
uniformity. Shallower patterns possess- 
ing less uniformity of stiffness in all di- 
rections may be satisfactory. As an 
example, the oil pans on the 600 hp. 
Sterling Viking diesel engine shown in 
Fig. 7 are made of 18-gage Rigidized 
low carbon steel sheet. The pattern of 
the embossing is a diamond-shaped de- 
sign and the depth of the impressions 
are such that the. over-all depth of the 
fabricated sheet is 80 percent greater 
than the thickness of the original flat 
sheet. Even this relatively small in- 
crease in effective depth resulted in a 
sheet construction as stiff as that ob- 
tained when the pans were made of 
16-gage steel. This represents a 20 per- 
cent reduction in the weight of the pans, 
the 18-gage Rigidized material being 
estimated to be 30 percent stiffer than 
flat sheet of the same material. This is 
a much smaller increase than is ob- 
tained in 0.016-in. material of the same 
pattern, as Fig. 4 indicates. 

In addition to the greater strength 
and stiffness of the Rigidized sheet, it 
also has other advantages. In some ap- 
plications it is used for its decorative 
effects. The designer can choose from 
a number of embossed patterns and by 
proper selection and control of pattern 
lines can obtain striking effects. The 
pattern also serves to. diffuse reflected 
light and therefore can be used to elim- 
inate objectionable glare of highly pol- 
ished stainless steel. In some instances 
the embossing serves to hide scratches 
or spots-that have no deleterious effects 
other than poor appearance. 

Sometimes composite construction is 
used for ducts or channels. A round 
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dimple pattern, shown in Fig. 8, was 
developed for stiffening the leading 
edges of airplane wings. 


Design Considerations 


Neither proportional limit nor ulti- 
mate tensile strength are decreased by 
the rigidizing process. On the contrary 
there is usually a beneficial secondary 
work-hardening effect resulting from 
plastic deformation. This effect is par- 
ticularly pronounced in steels. 


Fig. 7—One end of a 10-ft. oil pan of 18-gage rigidized sheet steel for a Sterling 


An important consideration with re- 
spect to flexural rigidity is the differ- 
ences in properties in different direc- 
tions across the sheet. In most instances 
the maximum and minimum rigidity 
values are at right angles to each other. 
as in corrugated sheet. For close ap- 
proximation, determination of critical 
stress values in such panels involves the 
two principal strip flexural rigidities 
that are normally applied and a knowl- 
edge of elementary torsional strip rigid- 
ities, which contribute approximately 


Viking diesel engine. Plain 16-gage sheet, 25 percent heavier, was replaced. 


one-third of the total strain energy of 
the panel in virtual buckling. It cap 
be shown that an effective panel rigidity 
improvement factor can be determined 
by the equation: 

ke = 0.65 ky + O.357k, 
where k,, the effective improvement fag. 
tor, equals the ratio of rigidized pane] 
buckling stress to that of a plain sheet 
of the same unit area weight. 

k, is the effective flexural improve. 
ment factor, equal to the ratio of ayer. 
age torsional strip rigidity of rigidized 
sheet to the torsional rigidity of a plain 
sheet of same unit area weight. 

k, is the average torsional improve. 
ment factor, equal to the ratio of ayer. 
age torsional rigidity of rigidized sheet 
to the isotropic torsional rigidity of a 
plain sheet of same unit area weight, 

The average flexural improvement 
factor for a rigidized sheet of a pattem 
like that at upper left in Fig. 1, but 
without herringbone reversals, in 
0.040-in. 24ST aluminum alloy, is ap 
proximately 1.60 and the average tor 
sional improvement factor is 2.11. The 
effective rigidity improvement factor of 
the rigidized panel is, by this equation, 
1.78. This indicates a net improvement 
of 78 percent without weight increase. 

The equation for effective improve- 
ment factor was derived for a square 
panel, but can be considered a satisfac- 
tory approximation for rectangular pan- 
els with compressive loads parallel to 
the longer sides. When the compressive 
loads are parallel to the shorter sides 
the effective rigidities in buckling are 
determined predominantly by the strip 
flexural rigidity: parallel to the shorter 
side. Such panels are comparatively 
rare, however, since short, wide open- 
ings can be broken up into approxi- 
mately square panels by intermediate 
supports. to improve efficiency. 


Joining Methods 


Two joining methods, tangential and 
face-to-face joints, are used. In tangen 
tial joining, butt and lap joints can be 
effected by practically all standard fas 
tening methods, as previously brought 
out. Lap joints in rigidized sheets are 
considerably stronger because of the 
mating of beads. In face-to-face joints, 
used mainly for building up composite 
panels, explosive rivets and other blind 
fasteners, such as Huck blind rivets, ate 
useful. Joining to plywood panels cat 
be done by recently developed plastic 
adhesives. This is now confined to sheet 
metal having shallow impressions. 

Cutting of rigidized sheet can be done 
on a power shear when patterns at 
shallow, and subsequently router 
trimmed if required. Sawing and high 


Fig. 8—Dimpled sheet developed for the leading edge of an airplane wing 
requires combination with another sheet to give large increase in rigidity. Rib 
spacing was increased and passageway for exhaust gases for de-icing created. 


speed router cutting is recommen 
on deep patterns. 


Sew weese see. 
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’, Fighter-plane pilot canopies are formed with a vacuum-pot opening in two planes. 


Vacuum Forming Speeds 
Fabricotiae of Plastic Sheets 


EDMUND GREENE 
Rohm & Haas Company 


Technique for shaping acrylic sheets into turrets, astradomes and other aircraft 


parts in a vacuum pot is described. . Variation in which sheet is allowed to 


“snap back” over male form in order to produce special shapes is also covered 


IR differentials are used in the 
forming of turrets, astradomes 

and other three-dimensional sec- 

tins fer aircraft from flat Plexiglas 
acrylic sheets. This method not only 
speeds the fabrication process and 
improves the product but also, because 
Savings in time and labor, extends 
the range of possible shapes that can 
produced economically with thermo- 
materials. Other advantages 

M€ more uniform stretching of the 
of 


es 
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sheet and elimination or marked reduc- 
tion of contact between the sheet and 


’ form, reducing optical distortion. 


In the vacuum-forming process a 
plastic sheet is heated to approximately 
250 deg. F., where it begins to soften. 
This soft sheet is then quickly laid 
over a vacuum pot and a ring of 
Masonite or similar material is clamped 
to the edges. When the vacuum is 
opened the sheet is drawn to the re- 
quired depth. 





A contact point can be used to con- 
trol the depth of draw. When the sheet 
touches this contact the vacuum con- 
trol is automatically closed. When the 
sheet begins to shrink on cooling and 
tends to draw away from the contact 
point the vacuum control is automati- 
cally opened again. Thus, the depth of 
draw is held to close tolerances. A 
photoelectric cell can also be used to 
control the depth of the draw. 

In a variation of this process a wood 
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Astradomes used for aircraft celestial navigation 
are made by vacuum forming. Left, the heated 
sheet is placed on the vacuum pot. Below, th, 
finished dome is lifted out. It is spherical, abou 
6 in. deep and 22 in. in diameter. Optical toler. 
ances are extremely critical. For inspection g 
surveyor’s transit is aimed at a target 50 ft. away, 
If the introduction of the astradome in any of 32 
positions introduces an error of more than 4/5 in, 
in the transit sighting, the dome is rejected. 


= 


ae ee 





eg ee 


Tail turrets for bombers are made by snap-back 
forming. Note the mold suspended above the fin- 
ished turret being lifted from the vacuum pot. 


or plaster male form, which reproduces 
the contour of the finished product,.is 
lowered into the bubble formed when 
the hot sheet is drawn into the pot. 
Because the sheet is still hot it has a 
tendency to resume its flat sheet form 
when the vacuum is closed. This tend- 
ency is known as “elastic” or “plastic” 
memory. Therefore, as the vacuum is 
gradually released the sheet “snaps 
back” slowly against the form. Care is 
needed at this stage of the process to 
keep any movement of the sheet rele 
tive to the form as small as possible. 
If the opening in the vacuum pot is 
circular, a spherical section is formed, 
regardless of the depth of draw. Even 
if the opening is square or triangular 
the sheet tends toward a_ spherical 
shape, since a sphere has the smallest 
skin for any given volume. The result 
ing shape is called a “surface-tensign” 
shape, which has good proportions. — 
Because most of the initial stretch # 
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Two-dimensional openings 


in the center of the sheet this part 
thins first and, accordingly, hardens 
first because of the more rapid heat 
dissipation. 

The thicker areas around the sides 
and circumference continue to draw 
alter the center begins to harden, this 
is because they are still soft. 

The amount of thinning that takes 
place is relatively uniform and is a 
function of the original sheet thickness, 
sheet temperature, rate of draw and 
several other variables. Little specific 
information on the amount of thinning 
has been developed so far, and the 
problem is so complex and has so many 
Tamifications that the fabricators of 
acrylic parts for aircraft are turning it 
over to a special committee for inves- 
tigation. 

By altering the shape of the pot 
pening in two dimensions a wide 
Vatiety of shapes can be fabricated. 
Varying the opening in the second di- 
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mension is sometimes desirable because 
thinning can be materially reduced. 

Snap-back forming imposes certain 
contour limitations. For one thing, the 
sheet will not snap back into reverse 
curves and will not follow accurately 
rapid changes in contour. However, 
closer contour tolerances can be main- 
tained in snap-back forming than in 
vacuum forming—approximately + 1% 
in. against + 4 in. or even + % in. 
for some large parts. 

By variations in the vacuum and 
snap-back techniques closer control of 
thinning in a given section during 
forming can be maintained. For ex- 
ample, if additional thickness is re- 
quired at the apex of deep-draw sec- 
tions, the form used in snap-back 
forming can be brought into contact 
with the sheet as it is being drawn. The 
form will cool the sheet in the area 
contacted and reduce thinning in that 
section. In other instances. parts of the 
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sheet can be cooled with air blasts, but 
this is not recommended because it may 
set up undesirable strains in the formed 
part. With skilled operators it is pos- 
sible to allow some of the sheet to slip 
through the clamping rings during 
drawing. Differential heating of the 
sheet can be achieved by covering sec- 
tions of it while it is in the oven. These 
sections will not be softened and hence 
not stretched during forming. 

Inherent in both the vacuum and 
snap-back methods is an internal flange 
at least 34 in. wide where the sheet 
was clamped to the vacuum pot. This 
flange can then be used for mounting 
of the formed part. The contour of this 
flange can be held to fairly close tol- 
erances regardless of the tolerances 
maintained on the rest of the part. 
Often it is desirable to specify toler- 
ances only for the flanges, allowing 
greater leeway in tolerances for the 
rest of the section. 
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WARTIME DESIGN NEWS 


Conservation Cut 


DESPITE THE FACT that a large portion 
of its wartime activity was in devising 
substitutions for scarce materials, the 
most lasting benefits of WPB’s Con- 
servation Division, which was discon- 
tinued Oct. 31, will prove to have been 
its work in simplification and stand- 
ardization, division officials believe. The 
division was discontinued on recom- 
mendation of its director, Howard Coon- 
ley, who pointed out that existing in- 
dustry divisions can handle the diminish- 
ing duties of conservation. 

Relatively few of the numerous sub- 
stitutions devised by the division’s tech- 
nical staff, which at one time numbered 
more than 150 engineers who averaged 
23 years of industrial experience, are 
expected to remain as standard practice. 

It is quite probable that many new 
applications devised by the division 
more or less in the nature of substitu- 
tions will become. standard practice. 
Many substitutions would have been 
made in any event, but the existence of 
the conservation division speeded their 
adoption considerably. The division’s 
pool of the necessary technical informa- 
tion, available to anyone, needed to 
convince the manufacturer that a given 
substitution would work saved months 
of delay, tons of material and thou- 
sands of engineering man-hours. 

~ | 


Helped to Speed Progress 


Substitution of die castings for 
stamped or machined parts, for exam- 
ple, will doubtless become standard 
practice in many applications after the 
war, but the use of castings was growing 
as we entered the war, and new and 
superior production methods which 
broadened the use of die castings must 
be considered part of-the rapid tech- 
nological advancement which is one of 
the few benefits of war. It was the estab- 
lishment of standards for die-casting 
equipment, production and testing 
methods, which the division pioneered 
and promoted, that hastened the broad 
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use of die castings and led to their 
acceptance by the armed services. 

A few substitutions clicked to a de- 
gree that will guarantee their use after 
the war. Nylon tow ropes, for instance, 
unquestionably will be used in postwar 
glider towing. 

Some conservation division experts 
believe that the lead-base babbitt metal 
which was substituted for tin babbitt 
will last after the war on the basis 
that it performs equally well and costs 
appreciably less. These experts also see 
a good future for solders in which tin 
content was cut 15 to 20 percent. 


Postwar Manifestation 


Considerably greater, however. were 
the postwar manifestations which may 
be expected as a result of the division’s 
simplification and standardization pro- 
gram. 

The simplification job done on incan- 
descent and fluorescent lamps when ma- 
terials became short and production 
capacity for radio tubes was desperately 
needed is a shining example. The list 
of 3,500 types of lamps was reduced to 
1.700, colors reduced from 13 to 3. 
voltages from 32 to 7 and the number 
of optional bases from 7 to 1. This 
was done without costing the nation 
the services of any device which might 
require a lamp. Besides releasing 
capacity for manufacture of radio tubes 
this simplification program saved 650 
tons of steel, 35,000 lb. of solder, 8,000 
lb. of tungsten and 1,300,000 man-hours 
of direct labor. Director Coonley be- 
lieves that these savings are so great 
that the lamp industry will be unwilling 
to throw them out after the war. 

Simplification and _ standardization 
have considerable promise for the small 
business man who must be the bhack- 
bone of the new and greater economy. 
according to all Washington experts. 
Fewer types of farm equipment, with 
more interchangeable parts per type. 
will mean smaller inventory for the 
equipment dealer, with consequently 
more rapid turnover, which in turn 
means more profit. 


In the foreign trade which this na. 
tion must develop if it is to maintain g 
national income: of $140,000,000.000 or 
better, simplification and standardiza. 
tion, in cutting costs and easing main. 
tenance problems, will prove to be good: 
salesmen for American products, which 
have been so widely introduced around 
the globe by our fighting men. 

Another of the conservation division’s 
activities which will live after the war 
is its work in drawing up specifications, 
particularly for government procure. 
ment agencies. The division held active 
membership on the 72 federal commit- 
tees assigned the task of drawing up 
specifications for goods. purchased in 
any quantity by the government. 

Establishment of the National Emer- 
gency steel specifications was another 
of the division’s major accomplishments 
which may well live beyond the war. 
This entailed the division’s specifica. 
tion-prescribing, substitution and simpli- 
fication functions, for the NE steels did 
the work of many specifications and cut 
down on the use of critical alloys. 


Larger Aircraft Cannon 


CANNON even larger than the 75-mm 
gun are being adapted for aircraft use, 
according to Maj. Gen. C. T. Harris, Jt, 
commanding the Ordnance Depatt 
ment’s Aberdeen Proving Grounds 
Nothing further than the fact that 
larger guns are being so adapted has 
been said, but unless an entirely new 
gun has been developed, the new ait 
craft weapon would have to be a 76-mm. 
(or three inch), a 90-mm. or 105mm 
gun, since these are the next largest 
sizes of U. S. artillery. Presumably 
nothing larger than the 105 mm. is y@ 
being considered for aircraft. 


Military Research Reports 
SOME INDICATION of the shape which 


the postwar research and developmett 
activities of the Army and Navy m4 
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gsume should be forthcoming in tk: 
qot-too-distant future. 
"The committee appointed to develop 
for this purpose, headed by 
Charles E. Wilson, then executive vice- 
gairman of WPB, (Propuct Encr- 
NerntInc. Aug., 1944, p. 520, and Sept.. 
7944, p. 599) has turned in its report 
ip the Secretaries of War and the Navy, 
who appointed the committee. They in 
tum have referred the report to the 
ghiefs of their technical services, not all 
of whom had returned their comments 
by mid-October. No comment by either 
secretary is expected before all such 
reports from Army and Navy technical 
divisions have been submitted to the 
respective secretaries. 
Identical bills establishing an Office 


of Naval Research and Development 
have been introduced by Rep. Harry R. 
Sheppard, Calif., and Sen. James G. 
Scrugham, Nev., both Democrats. The 
bills are not expected to be considered 
at this session of Congress, but they 
indicate Congressional awareness of and 
interest in the problem. The bills pro- 
vide for the establishment of the office 
and charge it with coordination of all 
Navy research and development, ap- 
proval of all such projects, representa- 
tion of the Navy at such functions as 
may require representation in the Navy’s 
interest, advice of the secretary on re- 
search and development facilities and 
similar functions. 

Another bill introduced recently by 


Rep. Alfred L. Bulwinke, N. C. Demo- 
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crat, $10,000,000 
“developing and improving devices for 
the propulsion of aircraft of consider- 
ably more power than now exist in the 
United States.” 

The bill adds that: 

“The President may allot the 
said sum to such federal department or 
other federal agency as he, in his judg- 
ment, may charge with the responsi- 
bility for carrying out this act.” 


appropriates - for 


Preventing Ship Fires 


PANEL BOARDS of laminated material are 
used on Navy ships to prevent fires 
which might destroy electrical controls. 
The material is built up of layers of 
glass frber cloth, 


impregnated and 





M-6 Tractor Hauls Army’s Heaviest Guns 


Huge as it is, this M-6 heavy tractor built by Allis- 
€rs can move around at slightly more than 20 m.p.h.. 
amd ithauls the Army’s 240-mm. howitzer up grades as steep 
#4 pereent. The M-6 weighs 38 tons, is powered by two 
a gasoline engines developing a total of 215 hp. It 
“carry eleven men and some ammunition. and in addition 
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to moving the 155-mm, 8-in. and 240-mm, guns over rough 
ground, it hauls the new M-23 ammunition carrier, which is 
an eight-ton, four-wheeled vehicle designed to be towed in 
strings of three. The M-6 is equipped with a 30-ton winch 
and has six cruising speeds. The .50-caliber machine gun 
atop the cab is for anti-aircraft protection. 
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Fastest and deadliest major-caliber tank destroyer in the 
world, the M-36 gun motor carriage mounts a 90- 
mm. gun that throws a 24-lb. armor-piercing projectile. In 
spite of its 31-ton weight, it can go 30 mi. per hr., can cross 
trenches 744 feet wide, can ford small rivers and creeks and 





M-36 Tank Destroyer Fires Armor-Piercing Projectile 


climb steep grades. It has a 5-man crew and a cruising range 
of 150 miles. This weapon, produced by the Fisher Body 
Division of General Motors, hung up its greatest record in 
the Allied drive through Brittany in which drive these guns 
knocked out an average of 80 German tanks a day. 





bonded with a melamine resin. The 
Navy began research on the material 
with the cooperation of engineers of 
electrical manufacturers before Pearl 
Harbor. The material has high impact 
strength, high arc resistance and is fire 
resistant. 


B-29 Fire Control 


Now that the Army has released further 
details on the armament of the super- 
bomber, it develops that gunners on 
B-29s work in relative luxury. The ship 
has five turrets, two atop the -fuselage, 
two beneath it and one in the tail. The 
top nose turret is just abaft the plastic 
nose, with the lower nose turret di- 
rectly underneath. The rear top tur- 
ret is just in front of the upswept verti- 
cal fin, with the belly turret appreciably 
farther back. Gunners are located in 
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pressurized cabins some distance from 
their weapons, so that the turrets are 
smaller than those on the B17, and 
offer appreciably less wind resistance. 
Furnished with computing sights which 
even obviate the need for tracer ammu- 
nition, the gunners merely track their 
targets and fire. Transparent blisters 
in the fuselage allow the gunners to fol- 
low their target. The tail gunner, of 
course, operates his guns directly from 
his position. 


Interchangeability Index 


A CROSS INDEX of original, substitute 
and interchangeable aircraft materials 
has been drawn up by the Society of 
Automotive Engineers for the use of 
Allied air forces. Comparable specifi- 
cation tables of the SAE, Army-Navy. 
Army Air Forces, Navy Aeronautical. 


British, Canadian and Australian avia- 
tion groups are included in the 16+ 
page index, along with numbers of the 
materials, showing which are satisfac 
tory substitutes and which are inter 
changeable. Included in the index are 
such materials as aluminum, mag 
nesium, copper, tin, nickel, zinc, bit 
muth and lead alloys. 

The National Standards Committee of 
the Aeronautical Chamber of Com 
merce, meanwhile, has developed.a ui 
form identification system for aircraft 
materials to replace the color-code sy 
tem. The new system is based on sug 
gestions by the Army, the Navy and the 
aircraft and steel industries, and col 
sists of a printed legend stating the 
specification number and_ conditiol, 
nominal thickness, manufacturers’ name 
or trade mark and the commercial desig 
nation. 
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First U. S. Jet Propelled Plane Announced 


Airacemet is the name given by the Army Air 
Forces to the P-59A jet-propelled fighter plane. 
Manufactured by Bell Aircraft, it is the first U.S. 
je-propelled plane. It will be followed by many 
more types, if reports from the aircraft industry 
are credible. The Airacomet appears to be about 
the same size as the P-38 Lightning, and is be- 
lieved to carry four .50-caliber machine guns and 
acannon of undisclosed caliber in its nose. The 
air intakes can be seen on either side of the fuse- 
lage just ahead of the wing. The Airacomet has 
not yet been reported in action, but the British 
Gloucester jet plane has been used successfully 
against robot bombs. The Germans have several 
types of jet or rocket planes in action, one of which 
is reported so fast as to be unapproachable on the 
straightaway. but of poor maneuverability. 
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Fin Assembly Redesigned 
To Decrease Weight 





q IN THE ORIGINAL DESIGN the tube ex- 
; tended the full length and a screw ma- 
chined lug was pressed and riveted into 
the rear end. Weight was 1.62 lb. and 
the cost was 364% cents. By forming 
the fins as shown, only a short stub 
| tube was needed. The hub sections of 
the two pairs of fins were made flat at 
the rear end and spot welded together. 
Weight is reduced to 1.38 lb. and cost is 
28 cents. The machine screw lug is 
eliminated. Mr. C. H. MacFarland. en- 
gineer of the Cleveland Ordnance Dis- 
4 trict. developed the 
assembly. 





redesigned fin 
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Army Rocket Equivalent 





















to 105-MM Howitzer 


Firepower equivalent to that of the 
105-mm howitzer is provided by the 
4.5-in., M8 Army rocket shown above 
in its M12 launcher being “armed” by 
withdrawal of the safety pin from the 
fuse. The launcher tube is plastic, and 
serves as a carrying case’ for both the 
rocket and a tripod. The complete a 
sembly weighs about 50 tb., can be car 
ried easily by one man or rushed 
action in a jeep. Note the launcher, 
tripod and rocket assembled for catty 
ing in the foreground. These rocket 
are fired electrically. On detonation 
the propelling charge, the launcher ané 
tripod are hurled into the air, but a 
recoverable. The rocket is about 2™ 
larger than the bazooka rocket. 
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Critical Judgment 


ORD KELVIN’S famous axiom—that we know nothing about a thing until we can measure 

it and express the measurements by numbers—is a simple truth that is too often lost to sight. 

Engineers know it, often only subconsciously. But every now and then when we delve into new 

fields of measurement the great significance of Lord Kelvin’s statement is brought to our atten- 

tion forcibly. The series of articles by J. E. Broadston on the measurement of surface roughness 

strikingly demonstrates how our true knowledge grows when we begin to measure the values and 
express them in numbers. 


Unfortunately, many properties and characteristics still defy measurement. It is likely that 
there are some things which we will never be able to measure with any appreciable degree of 
exactness. All those values that are established by judgment are in this category. We attempt to . 
measure them but because no standards or numerical values can be established we resort to vague 
comparisons and meaningless abstract numbers. Prejudice is used as the yardstick. | 





It is generally agreed that the human mind is not capable of dependable judgment when the 
———ao conclusions must be based upon opinions and comparisons that do not bear numerical values. 
If we hold up a large white sheet of paper with a small black disk in the center and ask a person 
what he sees, the answer will be a “big black spot.” This simple demonstration clearly illustrates 
the pitiful workings of the human mind. Like a black spot on a large sheet of white paper, the fail- 
ings of an individual in the eyes of his associates often overshadow his many attributes. In listen- 
ing to the criticisms that a designer makes of competing products, the unprejudiced listener often 
is impressed by the fact that in the mind of the designer the weak points of his competitor’s 
yale design are completely overshadowing all its good features. The designer sees only the little black 
spot on the wide expanse of beautiful white paper. 










itzer We are now seeing the trickle of new designs coming upon the market. Soon it will be a 
flood. Engineers everywhere will study closely the designs of competitors. Because measure- 
nat obi able values cannot be used in comparing the designs there will always be the human tendency 
1d by te to ignore the good features and overemphasize shortcomings. We profit only by allowing our- 
own abort selves to be guided by the things that are good. Biased criticism and sweeping condemnation 
armed” by have never created a design or even improved one. 
1 from the , 
— . The wise designer will look for the beam in his own eye rather than the mote in the eye of 
mplete a his competitors. | 
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Electrolytic Finishes on Metal 
Improve Corrosion Resistance 


E. L. CABLECK 


Chief Chemist, The Weatherhead Company 


Advantages and limitations in production and service of anodic and plated finishes on 


fittings, based on the experiences of The Weatherhead Company in utilizing commer- 


cial processes. 


HE demands created by the war 
program have led to many im- 
provements in various processes 
for producing protective finishes. Re- 
cent developments in anodizing, zinc 
plating and protective finishes for zinc 
are discussed in this article, but no 
attempt has been made to cover speci- 
fic production information such as bath 
temperatures, chemical concentrations, 
current density and the like. Since 
high production quotas and stringent 
specifications must be met by suppliers, 
advantages and limitations of the vari- 
ous methods available require careful 
study and analysis, including a proper 
consideration of production factors in 
order to avoid delays and rejects. 

In addition to providing the all- 
important corrosion resistance, electro- 
lytic finishes can also be utilized for 
identification of tubing and ‘fittings by 
color coding. In peacetime, coloring 
will also be used for product decora- 
tion to increase salability. Obviously 
there are other reason for the use of 
such finishes, such as for bonding, re- 
flectance, hardness or frictional char- 
acteristics. 

The anodizing process, in which an 
oxide coating is formed by means of 
electrolysis, is particularly suitable for 
the protection and identification of 
aluminum parts. The process lends it- 
self well to quantity production and 
color effects are rather easily achieved 
through the use of aniline dyes in a 
secondary bath. Variations in bath 
technique can produce an infinite range 
of tones over a wide range of colors. 
By the same token, exact color match- 
ing is often difficult. However, the use 
of color to identify the fluids conducted 
in the tubes, in the manner now used 
for aircraft, will simplify production 
and servicing of intricate tubing sys- 
tems in the automotive, refrigeration 
and hydraulic fields. 

One of the difficulties connected with 
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the anodizing process lies in production 
testing of the coating. The thickness 
of the coating is of the order of 0.00017 
in. of which 0.00015 in. consists of 
penetration and 0.00002 in. consists of 
build-up. Such dimensions are difficult 
to check on a production basis. At 
the present time, the salt spray and 
microscopic measurement have been 
found to be most practical. Army-Navy 
specifications call for a 250 hr. salt 
spray test. Microscopic inspection is 
likewise a slow method, requiring tedi- 
ous polishing. While serving as a good 
measure of coating depth, it gives no 
indication of porosity and actual cor- 
rosion resistance. 

One inspection method is to run a 
continuous salt spray test to prove out- 
put and check on human error. Isolated 
250 hr. tests taking nearly ten days 
can throw production entirely out of 
gear when trouble is discovered. It 
has been found that an operator may 
become fairly adept at rough checking 
by judging the manual applied pres- 
sure required to break down the coat- 
ing when the part is held against an 
abrasive wheel or belt. 

Experimentation with electrical and 
electronic methods for inspecting ano- 
dic coating so far has yielded little in 
the way of developing quicker tests. 


Appearance of Anodized Parts 


Anodize build-up is of such small 
order that it does not create a tolerance 
problem as is popularly supposed. How- 
ever burrs and rough edges which 
might be acceptable in aluminum ma- 
chining are converted to a tough and 
abrasive oxide when anodized. 

An oxide coating on wrought mate- 
rial may exhibit streaks. These are 
caused by metallic elements in the ma- 
terial. A thin oxide coating is less 
liable to show streaking. Oxide coat- 
ings on castings may also show a non- 


Methods for production testing of anodized coatings are included. 


uniform appearance caused by metallic 
inclusions, dross, or fine shrinkage 
cracks. Such appearance can some 
times be minimized if the part is satin. 
finished or sand-blasted before immer 
sion in the anodizing solution. 

Surface appearance of the anodized 
part can be varied by suitable machin. 
ing before treatment. For example, 
buffing will give a highlight effect 
Etching produces a matte finish. Sand 
blasting produces light diffusion, and 
can be combined with buffing to pro 
vide highlight effects for interesting con- 
trasts. Buffing may bring out streaks, 
Obviously a part which combines a ma 
chined surface and a rolled surface will 
not have the same over-all reflectance. 

Because of their hardness, anodized 
coatings are resistant to abrasion. Al 
though the coating is hard, it is thin, 
and is supported on a relatively soft 
metallic base. Hence it is easy to 
scratch through, but is suitable for 
smooth rubbing wear. 

The coating becomes softer and less 
corrosion resistant as its porosity in 
creases. Porosity is controlled by proc 
ess regulation. A certain degree of 
porosity is required if the coating is 
to be dyed, and the greater the porosity 
the greater the absorption of the dye. 
A balance must be obtained for produc 
tion purposes among allowable poros 
ity, desired corrosion resistance, and de 
sired absorptive qualities. 

Color control of the anodized surface 
requires precise technique. The depth 
of color depends on the amount of ab 
sorbed dye. This in turn is controlled 
by thickness and porosity of the coat 
ing, concentration, temperature, proces 
timing and such factors. Gene 
only the primary colors are used and 
blended to obtain various shades 
color. 

Anodized aluminum is superior ® 
cadmium-plated steel in wear and ot 
rosion resistance because the coating # 
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harder and less permeable, and because 
in the process the coating tends to de- 
posit uniformly inside and out on parts. 
Cadmium deposits unevenly, piling on 
at mouths, and gives rather light pro- 
tection on inside diameters. Insofar as 
cost is concerned, there is not much 
difference. 


Zinc Plating 


With the necessity of conserving 
cadmium, emphasis shifted to the use 
of protective zinc coatings on steel 
parts, Plain zinc has not been found 
00 satisfactory as it corrodes too easily. 
A white powder deposit appears as the 
product of such corrosion. In hydraulic 
systems, this powder is picked up by 
the fluid, causing abrasive damage and 
ako fouling screens and filters. Hence 

Zinc coating must be protected. 
For black zinc finishes the problem 
8 to balance the amount of corrosion 
tesistance obtainable against the Army- 
avy requirements for a black finish. 
is relatively easy to obtain off-color 
coatings which provide necessary cor- 

Mion resistance. But pure black coat- 

mgs are soft enough to rub off. The 
inc process, in which the zinc sur- 
fice is anodized by a patented method, 
Proved satisfactory, giving a good 


Metal parts are attached to a rack and dipped in a bath as a step in the electrolytic finishing process. 


black. The surface obtained is hard 
and tough enough to stand rather severe 
crimping. 

If a pure black or ordinary black 
surface is not required, the zinc can be 
satisfactorily protected by converting 
the surface to a chromate by the Cronak 
process which utilizes an acidified di- 
chromate solution. This treatment con- 
verts the surface to a characteristic 
yellow brown and gives a fair degree 
of corrosion resistance. 

The greatest degree of success has 
been obtained with the Iridizing treat- 
ment. This produces an olive drab 
color. In the process, the surface is 
first converted to a chromate, closing 
up the pores and providing density. 
Then the process acts to produce a 
chrome gelatinous surface layer on top 
of the chromate. As a result, the coat- 
ing has good resistance to abrasion and 
long service life. Average samples with- 
stand 130-140 hr. of salt spray, with 
some running as high as 160 hr., and 
the coating is thus directly comparable 
to cadmium, yet its cost is less than 
that of cadmium. It is difficult, how- 
ever, to handle in production as it is 
easy to destroy the gelatinous layer 
while it is still soft. Temperature is 
critical, and the coating may show some 
porosity. 
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Although conventional equipment is 
used by the Weatherhead Company in 
all these processes, production has been 
speeded by the development of a uni- 
versal hangar. A U-shaped channel is 
stamped out, having 20 projecting 
prongs on each side. The fixture is 
loaded by placing it in a pneumatic 
vise which compresses the sides of the 
U_ bringing together each pair of 
prongs. The parts are then slipped on 
and pressure released. The prongs 
separate and hold the parts securely 
with a minimum of contact area. 


Stripping Fixture 


The stripping fixture consists of a 
pair of rollers between which the 
hanger is pushed after the parts have 
been treated. The rollers compress the 
hanger just above the prongs and cause 
the treated parts to fall into perforated 
trays for drying. 

Chrome plating of hydraulic cylinder 
rods is done on egg-crate anodes with 
an anode on each side of each square 
and the work suspended on self-center- 
ing racks into the middle of each 
square. This provides good concentric- 
ity in the chromium coating and limits 
of plus or minus 0.001 in. are easily 
met on rods up to 20 in. in length. 
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Surface Roughness Standards 
~ For Tactual Comparisons 


JAMES A. BROADSTON 


Armament Engineer, North American Aviation, Inc. 


Types of roughness standard specimens commercially available are explained. New methods 


for specific designation of defined roughness limits are described with a recommeitiation 


that national standardization conform to defined values based on actual measurements. 


LTHOUGH the need for surface 
roughness standardization on 
machinery parts is similar 

throughout all industry, the various 
groups responsible for such standardi- 
zation have failed so far to “standard- 
ize.” 

The American Standards Association 
(A.S.A.) preferred numbers for indi- 
cating the RMS microinch roughness 
of surfaces as noted in bulletin B-46 
are as follows: 1, 2, 4, 8. 16, 32, 63, 
250, 1M(1000), 4M, 16M, and 63M. 

The British have adopted the arith- 
metical average microinch value in 
preference to the RMS average micro- 
inch value and have expressed a hope 
that the United States will also use it: 
However, the British system incorpor- 
ates a code number microinch designa- 
tion which seems to be an unnecessary 
complication. It is a simple matter 
for a man to visualize a 63 RMS micro- 
inch surface as being twice as rough as 
a 32 RMS microinch surface. whereas 
the comparison between a British (6) 
and (5) surface is not nearly so ob- 
vious or understandable. It is much 
the same as the American use of /, or F, 
to designate surface roughness. Even 
though the British preferred numbers 
are fortunate in being defined by micro- 
inch roughness values, the operator 
cannot tell from them how much the 
numbers differ, or how rough the sur- 
faces are or should be. This point alone 
shows one of the great advantages to 
be gained by the adoption of the new 
microinch symbol and nomenclature 
which allow the roughness values to 
be designated numerically. 

The Society of Automotive Engineers 
(S.A.E.) preferred numbers for RMS 
microinch designation are as follows: 
1, 2, 3, 4, 5, 6, 8, 10, 13, 16, 20, 25, 
32, 40, 50, 60, 80, 100, 130, 160, 200, 
250, 320, 400, 500. The underlined 
humbers are given first preference in 
their Aeronautical Standard AS-107. 

The National Aircraft Standards 
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Two previous articles on this subject appeared in September, page 622, and 
in October, page 772. The first explained the trend toward more exactness in 


surface quality specifications. 


ness symbol which supplants the old conventional designations. 


The second introduced the new microinch rough 


The fourth 


article scheduled for December will discuss a method of taper sectioning; estab- 
lishment of defined standards through use of an Amsler Integrator; and methods 
of determining RMS microinch values from Brush Analyzer tapes. 





ad 


Committee has set up the NAS-30 
Standard Roughness Numbers for air- 
craft finishes, covering normal air- 
frame manufacturing requirements. 


‘These standards, indicating RMS mi- 


croinches maximum allowable rough- 
ness, are limited to the following pre- 
ferred numbers: 
Very rough 500 40 5 

20 20.:2 

100 10 1 Extremely smooth 

Only nine : preferred values are in- 
cluded in the NAS-30 Standard, 
whereas twelve are given by the A.S.A.. 
and twenty-five by the S.A.E. The Na- 
tional Aircraft Standards Committee 
has limited its preferred surface rough- 
ness numbers in order to reduce the 
number of standard samples required 
for use in judging surface roughness by 
comparison. 

North American Aviation uses the 
NAS-30 Standards, and _ throughout 
the discussions and the illustrations of 
the previous articles only those pre- 
ferred numbers were considered, Ex- 
perience in the use of these NAS-30 
numbers indicates that the gaps be- 
tween 40 and 100, and between 100 and 
250, might well be reduced. 


New Specimens Available 
Considerable progress has been 


made within the last year in the de- 
velopment of new and improved surface 


roughness standards for tactual com- 
parison. Prior to this recent develop- 


ment of replica surfaces, all such sur 
faces were actual machined specimens 
laboriously prepared and _ individually 
measured to conform to the standard 
roughness values. While replica sur 
faces may provide the answer to the 
problem of adequate distribution, their 
dependability and uniformity has not 
yet been definitely established whereas 
sets of samples like those shown i 
Fig. 1. although comparatively bulky 
and relatively expensive because they 
are machined originals, have been used 
successfully for tactual comparison for 
several years. 

Those types of roughness standard 
specimens now known to be commer 
cially available which might be used in 
establishing an adequate program of 
surface quality control in conjunction 
with the use of the new and more ade 
quate microinch roughness symbol 
and methods for specific designation 0 
defined roughness limits are described 
in the following paragraphs. 

The Norton Company of Worcestet 
Massachusetts. makers of grinding 
wheels, grinding machinery, abrasives 
refractories and similar products, have 
done a great deal to advance the study 
of surface roughness measurement. 
company has prepared the standard set 
of eight ground steel samples followit 
the American Standard Microineh 
values as shown in Fig. 1. The 
ground samples provide a range of fo 
ishes that will cover all cylin 
grinding jobs. It is also possible ® 
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Fig. 1—Actual machined specimens like those shown have contributed to the advancement of surface roughness meas- 
urement. Those at the left represent the standard set of eight ground steel samples produced by the Norton Company. 
The stainless steel samples on the right are made by the University Machine Company Division of Baird Associates. 


Fig. 2—Rough machined surfaces are duplicated by electroplating in the General Electric set of replica surface 
finish standards at left. Ekko process is used by U. S. Rubber Company in making surface finish standards at right. 


sbtain non-standard sets having rough- 
ness values conforming with the Na- 
final Aircraft standard roughnesses 
of 2,5, 10, 20, 40, and 100 RMS ni- 
crinches, with two blank specimens to 
befinished by the buyer to any desired 
toughness. These specimens are of 
Stel and must be kept greased to pre- 
vent corrosion. Norton’s practice in 
making the specimens is to grind them 
what the operator believes to be the 
desired finish, They are then measured 
with a Profilometer and if they read 

in plus or minus 15 percent of the 


standard they are to represent, they 
are considered within the required 
limit. As Norton grinding machines and 
products go to customers who are in- 
terested in precision grinding they have 
prepared these specimens for the trade 
partly as a matter of accommodation 
and partly to promote the use of good 
finishes produced by abrasives. Dr. 
Lowell H. Milligan, Norton’s assistant 
director of research, has written a 
number of informative and valuable ar- 
ticles on “Surface Finish” for the Nor- 
ton Company publication “Grits and 
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Grinds” that are highly recommended. 

The University Machine Company 
Division of Baird Associates at Cam- 
bridge, Mass. has done considerable 
research in the field of surface fin- 
ishes. As an outgrowth of a contract 
for 500 sets of surface finish samples 
for the Army Ordnance Department, 
this company has prepared a commer- 
clal set of surface roughness stand- 
ards for the trade. The set contains 
twenty-three stainless steel sample 
blocks representing various machined 
surfaces ranging from 4 to 500 micro- 
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“<The ietighadie “Gamber shown with the check 
mark ew on the print indicates the roughes! 


~ permissible surface finish. 


. © Surfaces are to be compared with these stao- 
dard specimens by finger-nail test perpen- 


_ dicular to scratches. 


Appearance is not considered whee judging 


* surface roughness. 
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Fig. 3—Surface roughness specimens developed at Lockheed Aircraft Corporation are made of aluminum alloy rolled to 


pec nena ast 


NSTRUCTION BOOK 


give the required roughness and mounted in cardboard holder. Surf-Chek roughness standards of North American Avia- 
tion are molded in black géneral-purpose phenol and are used in conjunction with a booklet on surface quality control. 


inches RMS following the American 
Standard preferred values. The speci- 
mens are guaranteed to be within 10 
percent of the standard roughness 
value as measured by the Profilometer. 

The General Electric Company, 
through its special products division 
in Schenectady, N. Y., pioneered in 
the development of a complete set of 
surface roughness standards that fol- 
low the American Standard Numbers 
from 4 to 1,000 RMS microinches that 
were machined from a fairly hard heat- 
treatable stainless steel. These speci- 
mens presented twenty-four surfaces 
within the ranges produced by lapping, 
grinding, turning, milling, and end 
milling. As General Electric products 
are so varied, these specimens covered 
a greater range of roughnesses than 
others. 

The set shown in Fig, 2 is a recent 
development wherein the rough ma- 
chined surfaces are duplicated by elec- 
troplating a negative impression of the 
original surface in a manner similar to 
the process used in preparing printers 
nickel-types. The set of replica surface 
finish standards shown includes twenty- 
five surfaces produced by lapping. 
grinding, turning, milling, and end 
milling. The smoother surfaces are 
measured with the Profilometer, and 
the rougher ones (beyond the. range 
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of tracer point accuracy), are meas- 
ured with a special profile recorder. 
The specimens lie within a tolerance of 
—25 and +10 percent of the nominal 
average value of surface deviation in 
microinches, without regard to wave- 
length for all wavelengths up to and 
including one-half inch. 

The United States Rubber Company 
Electroforming Department, Detroit, 
Mich. under the direction of Dr. E. H. 
Wallace, has developed precisely dup- 
licated metal surface roughness stand- 
ards that are electroformed by. the 
Ekko process. These “Ekko Compara- 
tors” are created by electrodeposition 
in the finished form; no mechanical 
operations are necessary. The Ekko 
process technique has long been used 
in electroforming items having critical 
surface finishes, such as searchlight 
reflectors, diffraction gratings and 
graining plates. 

In making the “Ekko Comparators,” 
extremely accurate master surfaces are 
machined. From these masters, any 
number of negative impressions are 
taken by casting, molding, or plating 
techniques. These negative impressions 
are then used as bases upon which 
heavy electroformed deposits are made, 
which upon separation from ‘the nega- 
tive, yield. duplicates of the original 
machined surfaces... The “Ekko ‘Com: 


parators” provide a wide range of sur- 
face finishes calibrated in RMS mi- 
croinches as measured by the Pro 
filometer. The comparator consists of a 
series of representative surfaces re 
produced on a 3/32 in. electroformed 
iron plate having a corrosion-resistant 
face of nickel or chromium. The plate, 
the surfaces of which are clearly 
marked with the RMS value of the cor. 
responding standard, is __ securely 
mounted in a convenient box for pro 
tection. 

The “Ekko Comparators” contain 18 
representative standard surfaces, and 
are available in two sets; one follows 
the American Standard values and the 
other the Society of Automotive Engi 
neers Standard values. The former 
set, for ordnance work, ranges from 2 
to 500 RMS microinches; the latter, for 
aircraft, ranges from 3 to 200 RMS 
microinches. 

The Lockheed Aircraft Corporation, 
Burbank, California, has developed 4 
set of surface roughness specimens col 
sisting of. six aluminum-alloy sample 
mounted in a convenient cardboard 
holder as shown in Fig. 3. The sur 
faces are made from anodized 61 SW 
rolled under rollers which have beet 
roughened to produce replicas 
ground surfaces corresponding to K 


values of 10, 20, and 40, and turned 
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ces of 100, 250, and 500, as 
ered by the Profilometer. 
At North American Aviation the 
“Syri-Chek” Roughness Standards were 
developed because of a need for a 
simple surface. roughness comparison 
that would be suitable for the 
widespread distribution of precise 
feplicas to everyone concerned with 
surface roughness. This “Surf-Chek” 
provides twenty surfaces of varying de- 
gees of roughness conforming to the 
standard values designated by the Na- 
tional Aircraft Standards Committee. 
The rougher surfaces were obtained 
through interpolation of taper sections, 
and the finer surfaces through tracer 
point comparison with taper sectioned 
masters of known roughness. For all 
practical purposes of roughnéss com- 












































































































































parison. the surfaces are sufficiently 
accurate to be considered standard. 
Bach individual surface is clearly 











marked for immediate reference, and 
the whole is resistant to both corrosion 
and abrasion. It is of:a convenient size 
and is light enough to be carried eas- 
ily in the pocket from place to place. 


















































Cost Considerations 











Such sample standards serve an im- 
portant function in surface control, 





rolled to 










an Avia- but in general. their cost limits their 
control. § distribution. The Norton Company and 
the University Machine Company sur- 
e of sur) § face roughness specimens are machined 
2MS mi & Otiginals. difficult and costly to pro- 
the Pro § duce. The U.S. Rubber and General 
sists of a @ Electric specimens, being duplicates of 
faces re § the original masters, are less expensive. 
roformal In the control of dimension, it is en- 
-resistant | lrely satisfactory to establish a master 
The plate, § %t of gage blocks in the chief in- 
, clearly § spector’s office where all working gages 
f the cor | 2d micrometers can be _ brought, 
securely | checked for accuracy, and then taken 
. pro- directly to the job on the machine. 
Such a procedure does not hold for sur- 
ontain 18 ‘ace roughness control, for there are no 
aces. and | Micrometers that can be set to the de- 
1e follows | Sifed roughness and then given to the 
s and the @ erator to take to his bench. Surface 
tive Engi fg Mish is a condition, not a dimension; 
e former does not lend itself to mechanical 
os from? fg Measurement, as to depth, diameters, 
latter, for fd thicknesses. 
200 RMS It is obvious that Profilometers, 
Brush Analysers, or any other such 
rporation, complicated and -expensive precision 
veloped a Msttuments could not be _ set-up 
mens col ughout most plants and there are 
samples Many plants that cannot justify the ex- 


.ardhoard #§ Pease of even one surface analyser. It 


The sur [| Would also be impractical to place an 
d 61 SW pensive set of machined roughness 
ave beet / “aidard specimens at the machine of 








tach operator, in each inspection crib, 
amd at the desk of each tool designer 
engineer concerned with surface 
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roughness control. And yet. it is this 
widespread distribution™of roughness 
replicas which is an absolute essential 
in any comprehensive and efficient pro- 
gram of surface roughness control. 


Tracer Point Limitations 


There are several factors which pre- 
vent present-day tracer point analysers 
from atttaining complete accuracy. 
One of these lies in the limitations of 
the diamond tracer point. It is not 
practical to form the point so that it 
would be perfectly sharp and slender 
enough to reach into every scratch, no 
matter how small. Such an extremely 
fine point would tend to catch on the 
irregularities of the surface and either 
deform them or break off. 

Tracer points found most practical 
for general use ,are those having a 60 
or 90-degree diamond cone. terminating 
in a spherical tip having a 500 micro- 
inch (0.000500 in.) radius. The Brush 
Development Company supplies pickup 
units with tracer point radii as fine as 
100 microinches, but these are practical 
only for the measurement of extremely 
fine surfaces, 

Another factor limiting the accuracy 
of tracer point analysers is that the 
skids supporting the tracer diamond in 
relation to the surface being measured 
exert an influence upon the roughness 
reading. Both the size and the position 
of the skid directly affect the reading 
obtained, for, as the diamond point 
is drawn over the surface, the motion of 
the diamond in relation to one or more 
of the skids rather than the actual 
movement of the tracer point with re- 
spect to the surface, is measured. Thus, 
it is obvious that accurate standard- 
ization of tracer point measuring 
methods will require thorough stand- 
ardization of skid size and location for 
varying degrees of roughness and for 
different surface shapes. 


Maximum Measurable 
Roughness 


Furthermore, tracer point analysers 
do not accurately measure surfaces hav- 
ing peak-to-peak distances beyond 
certain values. The Brush Analyser 
over-all low-frequency response has 
been limited to the measurement of 
scratch widths up to 0.003 in. This 
limitation has been purposely incor- 
porated into the instrument in order to 
simplify its set-up and operation for 
general production use, and to make 
possible the measurement of the radial 
roughness of curved surfaces, such as 
the working faces of gear teeth. The 
Profilometer cannot accurately meas- 
ure surface roughnesses greater than 
0.030 in. because the lag, inertia, and 
damping necessary for proper averag- 





ing prevent true indications if electric 
impulses are infrequent. 

Considering these limitations, it is 
apparent that a complete range of 
precise roughness standards conform- 
ing to defined RMS values cannot be 
properly established upon the basis of 
measurements made with tracer point 
instruments. Any attempt to do so 
necessitates for the measurement of the 
roughest surfaces the preparation of 
abnormal surfaces with peak-to-peak 
distance reduced to less than normal 
machining practice in order that a 
violent up-and-down movement will be 
imparted to the tracer point. This 
procedure must be followed to cause 
the analyser to give the large rough- 
ness indication. Such. abnormal sur- 
faces, because they do not conform 
geometrically to defined values, or 
represent normal machined surfaces 
are completely valueless as true surface 
roughness: standards. 


Measurable Values Must Be Used 


Unfortunately. most of ‘the commer- 
cial surfac® roughness standard speci- 
mens have been established on the basis 
of tracer point. measurements primar- 
ily because that was: the easiest and 
most feasible way commercially. There 
has always been some doubt regarding 
the accuracy of tracer point methods 
and whether they gave readings that 
were truly representative of the actual 
defined configuration of the surface 
given in the standards. Gradually there 
has been a trend toward qualifying the 
roughness values not to the defined 
values but rather on the basis of the 
readings of a meter on a given type of 
tracer point analyser. As a matter of 
fact, one of the analyser makers has 
even removed the words microinches 
RMS from the dial of the analyser and 
states merely the reading in micro- 
inches as customarily indicated on the 
drawings. In addition to creating false 
impressions of true surface roughness 
values the adoption of standards not 
conforming closely to defined values, be 
they arithmetical average or RMS av- 
erage, would completely defeat the 
basic objectives of national standard- 
ization. The continuance of such pro- 
cedures and the tendency of large or- 
ganizations to accept master samples 
prepared in this manner as final, to be 
preserved for posterity will result in a 
chaotic condition as far as uniform 
standards between plants is concerned. 

Only one conclusion is possible: Na- 
tional standardization, to be of any 
value whatsoever, must foster the use 
of roughness standards conforming to 
defined values based upon actual méas- 
urements, rather than upon approxi- 
mate interpretations. 
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HYDRAULIC CIRCUITS AND 


Versatility in hydraulic operation of machine tools, special machines, and for other 


purposes such as pressure test equipment has resulted in many ingenious applica- 
tions and designs of hydraulic circuits, often in combination with electrically con- 
trolled valves, to produce a sequence of operations. Hydraulic circuits also operate 
automatically through a series of operations by fully hydraulic means, such as pres- 
sure activated valves, or by mechanically operated valves. Both types of automatic 
operation are illustrated here, as well asother ways of using hydraulic equipment. 


Pressure gage 



































Fig. 1—Test part is subjected to 
250 lb. per sq. in. pressure by open- 
ing pressure shut-off valve and clos- 


ing «oil pump and _ tank 


shut-off 


valves. Full test pressure is applied 
by hand pump after opening oil 
pump valve. Opening tank shut-off 
valve relieves pressure for removal 
of the part subjected to test. 


Fig. 2—Holding pushbutton on riv- 
eting gun energizes Hi-Lo panel 
solenoid, applying low pressure to 
gun cylinder. Rivet resistance builds 


pressure in pressure switch, causing 
shift in panel to high-pressure line. 
Rivet compression pressure finally 
causes pressure switch to de-ener- 
gize panel solenoid, thus reversing 


gun piston with low pressure. 


Re- 


turn of gun piston causes panel shift 
both high and low 
pressure until pushbutton is released 
and pressed again. 


which 


blocks 


Program Timer 





Riveting ad \* i ots 
eiveting ef Tn 
FIG.2 
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Saat n enn Filters - 


Pilot 


cylinder 
locates 
shoes 


Sol enold - 


“4 operated 


spring 
offset 
4-way 
valves 


Fig. 3—Tank track shoes 
are pinned together by 
automatic machine with 
electric program _ timer 
and individual solenoid- 
operated spring offset + 
way valves for each of the 
4 hydraulic operating cyl 
inders. Sequence of op 
erations is indicated by 
chart. Absence of pin of 
either shoe leaves electric 
circuits open, thus stop 
ping operation of m® 
chine automatically. 
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_-* Manually 
operated 
4-way 
valve 


Fig. 4—Pressure chamber moves from loading to seal 
position when hand lever at 1 ‘admits oil from pump 
B to cylinder E. Pressure build-up opens valve H to 
valve J, which permits oil from pump C to force pis- 


ton F down to seal position. Pressure build-up in 
P.S.1 energizes solenoid A permitting oil from pump 
D upward to force piston G up, thus boosting pres- 
sure in pressure chamber. This pressure is released 
by moving hand lever to 2, thus shifting valve J and 
reversing pistons F and G by means of pump C. Pres- 
sure build-up opens valve K in line to head end of cyl- 
inder E, thus returning chamber to loading position. 
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Fig. 5—Pushbutton energizing solenoid A operates 
clamp cylinder, then pressure switch P.S.1, which 
energizes solenoids C and E. Solenoid C blocks main 
oil volume from clamp cylinder, which is then held by 
small volume pump, while E opens main flow to piston 
end of slide cylinder. Solenoid E is de-energized by 
L.S.4 just before cam actuation of panel reduces rapid 
forward traverse to coarse and fine feeds. Solenoid D, 
energized by L.S.1, causes rapid return of slide until 
L.S.2 de-energizes solenoids D, C, and A, and energizes 


a Elevated 
motor 


solenoid B, which releases clamp cylinder. 


L.S.3 is contacted solenoid B is de-energized. 


Fig. 6—Hand lever held at 2 admits pump pressure 
to intensifier, thus multiplying pressure on hose. Re- 
lease of hand lever to 1 returns intensifier piston and 
circulates oil through 4-way valve to tank. Valve C is 
opened before removing hose. 
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Aluminum-Coated Sheet Steel 
Rates High in Corrosion Resistance 


New coating process permits quantity production. Physical properties of 


the material, applications, and spot welding characteristics are described. 


Results of tests conducted by the Boeing Aircraft Company are reviewed. 


UCCESSFUL development of 
aluminum-coated sheet steel so 
that it can be preduced economi- 
cally in large volume presents designers 
with another important engineering ma- 
terial for postwar applications. Alu- 
minum coatings appear to have distinct 
advantages over accepted coatings, such 
as zinc, tin and lead, especially when 
resistance to héat, corrosion and oxida- 
tion are required. The new material 
also incorporates high heat reflectivity, 
attractive appearance, and the strength 
characteristics of steel. 
Among important :.postwar applica- 
tions for volume production are automo- 
bile mufflers and exhaust pipes, and 
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domestic range ovens. Other uses in- 
clude containers ef all kinds, reflectors 
for lighting fixtures and similar applica- 
tions. Aluminum-coated steel has re- 
placed stainless steel for certain aircraft 
parts requiring heat resistance. 
Inability to clean sufficiently the steel 
surface to keep it free from oxides until 
it could be bonded to the aluminum 
coating prevented aluminum-coated steel 
from becoming a commercial product 
earlier, Engineers of American Rolling 
Mill Company found a solution, how- 
ever, by lightly oxidizing the cold-re- 
duced sheet or strip, and then reducing 
the thin oxide with hydrogen. The hy- 
drogen protects the clean sheet or strip 
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as it is led beneath the surface of the 
molten aluminum coating bath. 
Another bonding method employs an 
undercoating of zinc. Aluminum coat 
ings over galvanizing have a spangled 
appearance similar to galvanized sheet. 
When aluminum is coated on heavy 
sheet, followed by rolling to reduce the 
gage, the material has the same appear 
ance as pure aluminum: sheet. Alt 
minum-coated wire is usually drawn @ 
smaller gage to smooth the surface. 
A variety of base metals will be sup 
plied with aluminum coatings. Stané 
ard grades now available are low ca 
bon and copper steel having the follow 
ing properties: Tensile strength, 45,00 
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3 45,000 


th. per sa. in. (min.); yield strength, 
30,000 lb. per sq. in. (min.) ; elongation, 
b percent in 2 in. (min.); hardness. 


Rockwell B-70 (max.). A high-strength 
gel base will probably be in produc- 
ion.after the war. 
» Aluminized sheet is produced in gages 
yanging from No. 28 to 11, see Table I. 
widths up to 36 or 38 in., and in 
ths of 190 in., or in coils. The coat- 
is applied to a thickness of 0.0012 
# 0.0018 in. on each side of the sheet. 
Whe weight of aluminum ranges between 
and 1.00 oz. per sq. ft. for both 
. An equal thickness of zinc weighs 
pte 2.6 oz. per sq. foot. 
e corrosion resistance of Armco 
aminized sheet steel was best shown 
ha series of tests in 20 percent salt 
gray at 95 deg. F. The tests showed a 
ating life of more than 500 hrs. Salt 
way tests on spot welded aluminized 
1 by Boeing Aircraft Company en- 
gineers produced slight corrosion prod- 
wets at the welds after 144 hr., but the 
small rust spots did not increase in num- 
ber or area by the end of 250 hr. Salt 
spray had negligible effect on the 
strength of the spot weld. The coating 
was considered satisfactory for Boeing 
applications. 

A principal limitation of aluminum 
is its susceptibility to attack by 
strong alkalies and by weak alka- 
line solutions. Aluminum-coated steel 
withstands temperatures up to 900 
deg. F. without discoloration. Beyond 









American Rolling Mill Company 




























that temperature the aluminum coating 
discolors and begins to alloy with the 
steel. Even at much higher tempera- 
tures, however, the coating does nat 
scale and the alloy continues to afford 
heat resistance. 

Heat and light reflectivity of alu- 
minum-coated steel are the same as a 
solid aluminum surface. Heat reflec- 
tivity of a buffed surface is 75 to 85 per- 
cent at 600 to 1,000 deg. F. This is 





slightly better than No. .7 finish on 18-8 
stainless steel and far superior to a 
porcelain enaffféT finish. This preperty 


is utilized in electric oven liners. When 
the new aluminized sheet replaced con- 
ventional materials in laboratory tests, 
the heating time was cut 40 percent and 
wattage 10 percent. 

Moderate forming and drawing can 
be done on Armco aluminized steel 
without flaking or peeling of the coat- 





(Below) Aluminized oven liners are reported to heat 
up faster with 10 to 20 percent less current because 
heat reflectivity is about five times as much as 
for other commonly used finishes on oven linings. 


A eee ater pammannnmece ete et 


Table I—Aluminized Steel Gages 


American Rolling Mill Company 














Approx. - Tt. Thickness Range Weight Range 
ESS; ae vt we Inches * Ib. per sq. ft. 
Gage Thickness sq. ft. 

Inches Max. Min. Max. Min. 
11 0.128 5.269 0.1358 0.1202 5.595 4,943 
12 0.1124 1.616 0.1201 0.1046 4.942 4.289 
13 0.0968 3.962 0.1045 0.0890 4. 288 3.636 
14 0.0811 3.309 0.0889 0.0773 3.635 3.146 
15 0.0733 2.982 0.0772 0.0695 3.145 2.819 
16 0.0655 2.655 0.0694 0.0624 2.818 2.525 
17 0.0593 2.394 0.0623 0.0562 2.524 2.264 
18 0.0530 2.133 0.0561 0.0499 2. 263 2.002 
19 0.0468 1.871 0.0498 0.0437 2.001 1.741 
20 0.0405 1.610 0.0436 0.0390 1.740 1.545 
21 0.0374 1.479 0.0389 0.0359 1.544 1.414 
22 0.0343 1.348 0.0358 0.0327 1.413 1. 284 
23 0.0311 1.218 0.0326 0.0296 1. 283 1.153 
24 0.0280 1.087 0.0295 0.0265 1.152 1.022 
25 0.0249 0.956 0.0264 0.0234 1.021 0.891 
26 0.0218 0.826 0.0233 0.0210 0.890 0.793 
27 0.0202 0.760 0.0209 0.0195 0.792 0.728 
28 0.0186 0.695 0.0194 0.0179 0.727 0.663 
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(Above) Boeing outboard cowling segment of alu 
nized steel after 250 hr. in salt spray. Badly burned 
spots started to corrode within 2 hr. but did not 
, penetrate. enough to affect .materially the strength 
of the part. Areas at bends where forming appeared 
to remove aluminum were: only slightly corroded 
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Unacceptable weld 
of 0.035-in. mate- 
rial with slight 
porosity in weld 
metal caused by 
too much heat. 
Aluminum coating 
on the outside was 
burned off and the 
inside coating was 
forced between 
the two sheets. 


Boeing 





ing. For example, the sheet withstands 
bending 180 deg. around a diameter 
twice its thickness without flaking of 
the coating. Base metal withstands 
bending flat on itself without fracture. 
This grade is not recommended for 
drop hammer work or deep drawing. 

A Boeing test report states that “the 
material as received forms well in parts 
requiring only slight deformation but 
is not suitable for severely formed parts 
due to excessive cracking, flaking and 
peeling of the corrosion-resistant coat- 
ing.” 

Heat-treatment was found to increase 
the adhesive bond between the aluminum 
coating and the base metal, and has 
been included in the production process. 
It is recommended that forming dies be 
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designed to avoid scraping the coating. 

Boeing required that (1) the adhe- 
sion of the aluminized coating be such 
that cerrosion resistance of the. mate- 
rial is not impaired by forming, and that 
(2) forming be accomplished satisfac- 
torily with available equipment and 
without excessive changes in equipment. 

Tests consisted of (1) pulling tensile 
speciments to destruction to ascertain 
the adhesion of coating in direct ten- 
sion; (2) bending 1 x 4 in. specimens 
in a brake at an angle of 90 deg. with 
bend radii varying from 1T to 5T, both 
with and across the grain of the mate- 
rial; and (3) forming proposed actual 
parts of the material. 

When tensile specimens were pulled 
to destruction the aluminum coating 


Typically satis- 
factory ‘weld of 
0.035-in. sheets 
showing the alu- 
minum*iron bond 
running through 
the joint’ center. 


Boeing 


moved uniformly with the metal base, 
and no flaking was observed. The coat- 
ing showed small surface cracks 
throughout each tensile piece, yet thes 
cracks appeared to have no detrimental 
effect on corrosion resistance. 

Specimens bent in the brake showed 
no flaking of the coating in any bend. 
Surface cracks appeared but they were 
not considered detrimental because they 
were small and seemed to heal by re 
oxidation of the coating. Inside the 
bends, the coating took compression with 
visible wrinkling but there was no ap 
parent flaking. 

Test parts formed on dies set-up # 
presses did not flake after heat-treat 
ment, whether formed cold by a greased 
die, formed without grease but wi 
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t torch heat, or formed with a 
d die and slight torch heat. In 
hh test the coating cracked slightly at 
tbends. Forming appeared to remove 
jnum from the steel at some.of the 
on a formed cowl segment, but 
the areas were only slightly corroded. 
results indicate that aluminum coat- 
g provides similar galvanic protection 
at of zinc, but is more durable. 


5 Welding 


Results of spot welding tests con- 
acted by Boeing engineers indicated 
aluminized steel compares satis- 
rily with spot welds in 18-8 stain- 

steel, except that the most probable 
sar strength is lower in direct pro- 
prtion to the ultimate tensile strength 
fthe materials. Satisfactory spot welds 
pre obtained with standard equipment. 
No previous surface preparation was re- 
quired other than removal of excess 
grease and foreign matter. 

Fabricating aspects were not com- 
parable, however, because three times 
more spot welds can be made in 18-8 
between electrode cleanings than can be 
made in aluminized steel. Approximately 
50 spot welds can be made on alumin- 
ized steel between electrode cleanings 
without seriously damaging the strength 
of the welds. 


Single spot weld shear values for ~ 


aluminized sheet, obtained under aver- 
age conditions, are given in Table II. 
Ten consecutive single spot specimens 
were used. Maximum shear strengths of 
the specimens under best conditions are 
given in Table III. Minimum require- 
ments are met easily in both tables. 
Table IV gives shear values for ten 18-8 
stainless steel single spot shear speci- 
mens for comparison. ; 

Metallurgical examinations of weld 
quality conducted at Boeing indicate 
that proper welding machine settings 
will solve such problems as penetration. 
cracks and porosity, coating seal and 
sheet separation, consistency, spitting. 
and symmetry. 

Armco engineers recommend that 
about 30 percent more spot welding cur- 
rent be used for aluminized sheet than 
that used for joining cold-rolled steel. 
Generally no cleaning is necessary be- 
fore welding unless previous fabrication 
has produced discoloration and surface 
film. Spot welding machines of the al- 
ternating current type are generally pre- 
ferred, although direct current machines 

ve been used on a production basis. 
Settings differ for each machine. Oxy- 
acetylene and metallic arc welding pro- 
tedures have been developed. 

Recoating of spot welds is unneces- 
Saty generally because the aluminum 
fon alloy that forms is corrosion re- 
‘stant. The only successful method of 








Table Il—Single Spot Weld Shear Values Obtained Under Average 
Conditions 


Sciaky Type PMCO-1 60 Kva. A. C. 





Aluminized Steel 





0.038—-0 .038 














Gage Combination... . 0.019-0.019 Gage Combination... . 
Tap Setting.......... (i Tap Setting.......... 7 
Gage Pressure........ 42 lb. per sq. in. Gage Pressure........ 50 lb. persq. in. 
4, 0 5/8 2in. R RMT. oo ee wee 5/8 2in. R 
Required Shear. ..... 300 Ib. Required Shear... ... 807 Ib. 

Shear Values Shear Load Shear Values Shear Load 

: lb. per spot lb. per spot 

Average of 10....... 358 Average of 10...... 927.5 
WE. 350k os a2 tat 320 (—10.6%) se SES ARR eet 860 (—7.3%) 
Mes TarinsWieuasc aes 390 (+8.95%) RR i 980 (+5.7%) 








Table I1I—Maximum Single Spot Weld Shear Values Obtained 
Under Best Conditions 


Sciaky Type PMCO-1 60 Kva. A. C. 





ALUMINIZED STEEL 





Gage Combination 0:019-0 .019 
Tap Setting....... 7 
Gage Pressure... . 44 lb. per sq. in. 


Gage Combination 0.038-0 .038 
Tap Setting....... 8 
Gage Pressure..... 48 lb. per sq. in. 








Tip Shape........ 5/8-2R and 5/8-2R Tip Shape........ 5/8-2R and 5/8-2R 
Shear Values Shear Load Shear Values Shear Load 
lb. per spot lb. per spot 
Average of 10....... 533 Average of 10...... 1,330 
MESS, nsec, 5 Ace Oie 470 (—11.8%) _ “el ere 1,260 (—5.25%) 
Max 565 (+ 6.0%) PS Gena S here ca 1,410 (+6.0%) 














Table [V—dActual Single Spot Shear Values 
Sciaky Type PMCO-1 60 Kva. A. C. 





18-8 STAINLESS STEEL SPEC. AN-QQ-—A-772 











Gage Combination... . 0.019-0,019 Gage Combination... . 0.038-0.038 
Tap Setting.......... 2 Tap Setting.......... 4 
Gage Pressure........ 24 lb. per sq. in. Gage Pressure........ 48 lb. per sq. in. 
Tip Shape........... 5/8-2 in. R Tip Shape...... 5 EE 5/8-2 in. R 
Required Shear...... 1390 lb. Required Shear... .. 1,240 lb. 

Shear Values Shear Load Shear Values Shear Load 

lb. per spot lb. per spot 

Average of 10....... 540 Average of 10...... 1,458 
WH ree ere Foor 500 (—7.4%) Wears Poe ekee | 1,425 (—2.3%) 
Max 585 (+8.3%) Max. brenctiucd sneer 1,490 (+2.2%) 














recoating other welds is by metal spray- 
ing with aluminum. 

Brazing is satisfactory only with a 
high strength aluminum alloy brazing 
rod, such as Alcoa No. X-716, and suit- 
able flux, such as Alcoa No. 33. Copper- 
zinc alloy rods and silver solder have 
not proved practical for production use. 
Brazing procedure is the same as with 
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aluminum and aluminum alloy sheets. 
No soldering method has been de- 
veloped. 

The aluminum surface is satisfactory 
for most applications and will hold paint 
better than galvanized sheet. If a paint 
or enamel finish is desired, surfaces can 
be mill-Bonderized to take the paint and 
preserve it. 
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Wheel base of a plain type cylindrical grinder in which an overhanging spindle is loaded at both ends. 


Deflection of Machine Spindles 
With Overhung Loads at Each End 


M. S. GJESDAHL 


Research Engineer, Landis Tool Company 


Procedure for determining the deflection of overhanging shafts and spindles that are 


supported by two bearings. 


Straight shafts and shafts which are enlarged between 


the bearings are compared for equal slopes of deflection curves at points of support. 
The analysis is based on knife edge supports and also on bearings having a finite length. 


LL machine members are made 
Ae materials which are elastic 
or resilient, therefore they yield 

or deflect when subjected to loads. 
Some members are so irregular in shape 
that they defy any rational approach 
in the exact determination of deflec- 
tions caused by loads. But shafts, spin- 
dles and axles made of homogeneous 
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materials and having circular cross-sec- 
tions can be designed with little diffi- 
culty to suit the requirements of 
strength and rigidity. 

In many shaft, spindle or axle de- 
signs in which rigidity is of primary 
importance and strength is secondary, 
the dimensions required for rigidity 
are ample for strength. 


Deflection of spindles is objectionable 
in many precision machines and must 
be reduced to a minimum if production 
of work is to be maintained with no 
variation in size. While the deflection 
of a spindle is not the only problem 
in design that requires solution to ob 
tain precision work it is one which with 
care can be minimized. 
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The spindle or shaft shown in Fig. 1 


gverhangs knife edge bearings on both 
ends. Bearing reactions and applied 
forces are parallel and in the same 


e. Bearing reactions are repre- 


gented by B, and B, and externally ap- 
plied forces by W, and W.. The dis- 
jance a represents the overhang of force 
J, on a grinding wheel measured from 
the center line of bearing B, to the cen- 
terline of the grinding wheel face. The 
distance 6 represents the overhang of a 
pelt pull W. measured from the center- 
line of bearing B, to the centerline of 
the belt pull. The distance c is meas- 
wed from centerline of bearing B, 
to center line of bearing B.. The prob- 
lem of calculating the spindle deflec- 
at B, and the slope angle @ at B.. It 




















load W, Load W, | 
ter - Bearing - -,1 | 
reactions | 

M---- Ql -Bhe ---------¢ —_— b — 








Fig. 1—Bearing reactions and ex- 
ternally applied load forces on a shaft 
or spindle which overhangs knife edge 
bearings at both ends. 





is obvious from Fig. 2 that the slope 
angle 6 at B, produces that part of the 
deflection at WM, shown as x,. In addi- 
tion, the force W, acts as a concen- 
trated load at the end of a cantilever 
beam of length a and produces more 
deflection at W;, which is shown as x, 
in Fig. 2. 

With 


E = modulus of elasticity 


30,000,000 Ib. per sq. in. for steel 


d = diameter, in., of the spindle 
I= wdt 
64 
= moment of inertia of spindle cross- 
section 
M; = —W,a, bending moment at B; 
Mz = —W2b, bending moment at B, 


The total deflection X, in in., that is, 
the sum of x, and x.. of the spindle at 
W, the centerline of the grinding wheel 
face is 


a 


Xi = Gay 


[2Mi(a +c) + Moc] (1) 
Combining all known quantities, Equa- 
tion (1) becomes 


a 


“= 8,836,000d! 


[2Mi(a +c) + Mec] (2) 


In the development of Equation (1), 


the spindle diameter over its entire 
length was assumed to be equal to its 
diameter at the bearing B,. In practice, 
this condition is not common. Usually 
the spindle diameter between the bear- 
ings is larger than at the ends. 

Increasing the diameter of that por- 
tion of the spindle between the bearings 
B, and B, has the same effect as in de- 
creasing the length c, and consequently 
increases the stiffness of the spindle. To 
compensate the deflection equation for 
this change, an equivalent length of c, 
is obtained which would correspond to 
a spindle of shorter length and of the 
same diameter as that of the spindle 
at the bearing B, The equivalent 
length c, is determined from the con- 
sideration that the slope angle @ at B, 
is the same for the imaginary spindle 
of length c, as it is for the actual spin- 
dle of length c. Fig. 3 (A) and (B) 
show the comparison diagrammatically. 

By equating the value of the slope at 
B,, Fig. 3 (A), to the slope at B,, Fig. 
3 (B), it can be shown that the length 
c, from the relationship of the diameter 
to the length is 


d 4 
«=(Z) 


By substituting the value of c, for c 


(3) 
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Fig. 2—Deflection curve of an overhanging shaft of uniform diameter supported on knife edge bearings. 


tion is somewhat simplified if distance 
aequals b, but this is rarely the case. 
Assuming no change in the spindle 
diameter, a more flexible shaft will re- 
sult if the length c is increased. Thus, 
with the same loads W, and W, with c 
increased, a greater deflection can be 
expected at the grinding wheel at WV, 
because of increased bending between 
B, and B.. Conversely, by reducing the 
length of c a more rigid shaft is ob- 
tained. The length c is therefore a 
function of the amount that the spin- 
dle will deflect between the bearings. 

The bending moment M, at B, is 
-W.a. The bending moment M, at 
B, is —W.b. These moments, acting 
Simultaneously, determine the deflection 
curvature of the spindle and also the 
lopes of the spindle at the bearings 
shown in Fig. 2 by the slope angle @ 
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Fig. 3—Straight shaft and one having an enlarged diameter between the 
bearings. The slope angle at support B, is the same for both shafts. 
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in Equation (1), the deflection of the 
spindle at the grinding wheel can be 
determined. 


Effect of Bearing Length 


The preceding discussion has been 
based upon the consideration that the 
bearing supports B, and B, are knife 
edges. For design purposes and for 
checking a spindle, this supposed con- 
dition is adequate. But bearings B, 
and B, do have finite length. 

The clearance which all bearings 
must have for the entry of lubricant 
permits some spindle deflection within 


the bearings. Weak flexible spindles 
tend to make a bearing bell-mouthed 
at the outer edge because the bearing 
reaction is concentrated at that point. 
Furthermore, it is probable that a flex- 
ible spindle which deflects within a 
bearing may rub against the inner edge 
of the bearing and thus make both edges 
bell-mouthed. Load concentrations at 
these two edges make lubrication a diffi- 
cult problem. 

Since the deflection of the spindle at 
the centerline of the grinding wheel is 
the point of interest, the method of 
determining this deflection when the 
spindle is supported in bearings of 
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Fig. 4—Shaft with enlarged diameter between bearings and an 
equivalent straight shaft supported by bearings of finite length. 
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Fig. 5—Hydraulic universal grinder wheel base with overhung spindle. 
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finite length will be given by reference 
to a typical example. Assume that g 
spindle, Fig. 4, is supported by two 
bearings of equal length, and that the 
bearing supports are rigid and nop. 
yielding. Note that the overhang djs. 
tances are measured from the center. 
line of the forces W, and W, to the out. 
side edges of the bearings B, and B, 
because in deflecting under load the 
spindle tends to pivot at these edges, 
Assume that enough clearance exists jp 
the bearings to permit this condition, 
Referring to Fig. 4, assume for data 


W, = 400 lb. d = 3 in. 
We = 480 lb. dy = 334 in. 
a = 4in. B, = 2% 

6 = 3 in. B, = 2% in. 
c = 15 in. 





First it is necessary to obtain the 
equivalent length c’, in terms of the 
shaft diameter d at the bearing B, 
for the portion of the spindle which js 
c in length and d, in diameter. Using 
Equation (3) and substituting the given 
data 


‘ d \4 3 \! “ 
d= (5) ¢= (535) 16. 


Adding width of B, and width of B, 
to this value of c’,, the equivalent length 
c, as shown in Fig. 4(B) is obtained, 


ce = 6.14 + 2.5 + 2.5 = 11.14 in. 


Substitution of c, for c and the other 
given data in Equation (2) will give 
the expected deflection of the spindle 
at the centerline of the grinding wheel 
face. 


6.14 in, 


















M,; = Wia = 400 X 4 = 1,600 in. lb. 
Mz = Web = 480 X 3 = 1,440 in. bb. 
: - 4 
Deflection Xt = 8,836,000 X 3! > 4 
{2 X 1,600 (4 + 11.14) + 1,440 x 11.14 
= 0.00036 in. 





This is slightly more than one-third 
of a thousandth of an inch deflection 
and probably would not be objection 
able under full load conditions on the 
driving motor. Often a grinding wheel 
does remove metal at a rate that 
utilizes the rated output of a motor, 
but rarely would such a condition ex 
ist when finish and size must be com 
stantly maintained on piece after piece. 

On the basis of a spindle having 4 
constant diameter of 3 in. over its et 
tire length, the deflection would, for ¢ 
equal to 20 in., be equal to 0.00059 in 
Thus it can be seen that the spindle 
having a uniform diameter has 4 
greater deflection at the grinding wheel 

In this discussion no consideration has 
been given to the fact that the spindle 
may be tapered for the wheel mounting 
Also, if the forces W, and W, do a 
act in the same plane the componeal 
of the force MW. which would lie in the 
plane of the force W, can be computed 
and the various calculations made. 
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HERE has been developed a 
highly porous metal made as 
moldings. It has been used suc- 
cessfully for filters, flame arresters, dif- 
fusing plates, and breathers. The struc- 
lire of the material consists of tiny 
spheres of metal welded together into a 
mass having approximately 50 percent 
void. The sizes of the voids are deter- 
Mined principally by the size of the 
tical particles. Careful grading of 
"iW material by size produces the de- 
size openings and results in uni- 
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Fig. 1—Typical shapes of porous metal parts for filters, diffusing plates, separating mediums, and other uses. 


EARL W. REINSCH 


Moraine Products 


formity within a single element and be- 
tween elements. 

Fluids passing through the material 
must take a tortuous passage. For this 
reason particles slender enough to enter 
the material if approaching at the right 
angle are stopped by their largest 
dimension, which prevents the turning 
of corners. This is in contrast with 
screens or edge-type filters, which per- 
mit passage of such particles if ap- 
proaching the filter in 4 path parallel 
to their long axes. From the nature of 
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Filters Made of Porous Metal 
Can Be Fabricated in Special Shapes 


Material made from tiny metal spheres can now be produced to speci- 
fied and controlled porosity. The material has already found numerous appli- 
cations, including breathers, filters, flame arresters, and fluid meters. Details 


of the characteristics of the material and fabrication methods are described. 


the material it would appear that the 
pressure drop through an element would 
be high. The accompanying curves 
show that this is not the case. Other 
charts have been prepared for various 
grades of lubricating oil, gasoline, air, 
water, and fluids in general of any 
viscosity through all 4 grades of porous 
material. 

Full advantage of depth filtration is 
gained by using the following recom- 
mendations for minimum thickness of 
filter elements corresponding to each of 
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Fig. 2—(A) Porous metal disk and cone filters refrig erant passing through drier and holds dessicant in con- 


tainer. 
used per injector per cylinder. 


ture from air for paint spraying or other apparatus. 


the four grades of porous material that 
are now produced by Moraine Products: 





Minimum 
Recommended 
Thickness 


1/8 in. 
3/32 in. 
1/16 in. 
1/16 in. 


Opening 





0.002 to 0.005 
0.001 to 0.002 
0.0005 to 0.001 
0.0001 to 0.0005 





Greater thickness does not materially 
improve filtering efficiency but is often 
used to give increased strength or to 
facilitate production. Thinner sections 
are used when fine particle removal is 
not required, and- when the ability to 
fabricate the metal in special shapes can 
be used to advantage. 

Since size of particles removed by 
the coarsest grade is in the range of 
that removed by the finest available 
screens, porous metal is used as a “pol- 
ishing filter” rather than for coarse 
filtration. Installation in a system 
where a large quantity of dirt is pres- 
ent will result in rapid clogging of 
the element. Any filter element will, 
of course, gradually become clogged 
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but this material is relatively easy to 
clean. 

Back-washing has proved to be an 
effective means for cleaning porous 
metal filter elements. Suitable solvents, 
high-pressure steam, and heat to burn 
out entrapped lint have been used suc- 
cessfully for cleaning. However, it is 
usually more economical to replace 
smaller elements than to attempt to 
clean them. 

Only one metal, a bronze containing 
approximately 92 percent copper and 
balance tin, is produced at present. Cor- 
rosion resistance is substantially the 
same as a good grade of cast bronze. 
Requirements for highly corrosion re- 
sistant alloys will be met after the war 
with such metals as iron, copper-nickel, 
stainless steel, pure silver, and many 
other metals and alloys. Porous metal 
of these materials has been produced, 
but only in small quantities for experi- 
mental purposes. 

High structural strength of the mate- 
rial, as compared with other types of 
filters having the same particle re- 
moval, is advantageous in certain ap- 
plications. Tensile strength ranges 
from 4,000 to 6,000 lb. per sq. in. Ap- 


(B) Fuel filter in unit injector of diesel engin e to protect fine holes in spray tip of injector. Two are 
(C) Combination filter ing and pressure regulating unit removes dirt and mois- 
(D) Filtering unit for cleaning liquids and gases. 


parent density is about 0.16 lb. cu. in. 
for all grades. The material is neither 
friable nor brittle and allows free han- 
dling of elements without danger of 
breakage. If oxidation is prevented, the 
material can be used at temperatures as 
high as 900 deg. F. without impairing 
filtering ability or appreciably affecting 
strength. The material is highly re 
sistant to thermal shock. It withstands 
temperatures up to 350 deg. F. without 
protection against oxygen. 


Assembly Methods 


Assembly of parts into units can be 
accomplished in several ways. The 
metal can be bonded to metal washers 
or threaded screw machine parts. Press 
fits are particularly suitable because of 
the ductility of the material. Assem 
bly by spinning metal over the ele 
ments, as in the installation of disks # 
tubes, is practical because of its struc 
tural strength. Soldering can be used 
in many instances if care is taken nd 
to overheat the metal. 

Machining of filtering surfaces is 0 
advisable unless some special technique 
is used to prevent closing the pores 
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Fig. 3—(A) Breather plug 
and flame arrester for 
scavenging air of explo- 
sion-proof motor has been 
approved by the Board of 
Fire Underwriters. (B) 
Main line polishing filter 
for locomotive diesel fuel. 
Two elements, used singly, 
permit cleaning while en- 
gine is operating. Flow 
rate is 160 gal. per hour. 
(C) Drier for air stream 
contains filter made of two 

















grades of porous metal 
bonded together. 












Fig. 4—Pressure drop for 
water through Grade 2 
porous metal of different ‘ 
thicknesses at 68 deg. F. 
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Assem- grades are more readily machined than Because of the uniformity of flow cial shapes. Sizes range from disks 
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disks in bing has been done successfully. grade, the material can be used as an_ in. and cylinders 7 in. in diameter by 
its struc material can be used as a flame accurate metering device. In such ap- 


be used urster because it has high heat con- 
Lken not vity and heat capacity. Thus it 
OWs the passage of hot gases but 
quickly chills them to below their com- 
“on temperature. Strong capillary 
“tion and large surface area for evap- 










les is not 
pchnique 












, 19% 





plications the metering filter must be 
kept clean by another filter element 


7 in. long. Dimensional tolerances of 
shapes are 0.015 in. per in. Closer 
tolerances, usually unnecessary, can be 


made of a finer grade placed ahead of held by a sizing operation. Larger 


the metering element to take out all par- 
ticles that would clog the meter. 
The material is produced in sheets, 


hoover ENcineeRinc — NOVEMBER, 1944 
ee . 


sizes and more complex shapes will be 
produced as facilities for production are 
expanded. 
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Simple equations that involve two known variables can be solved by means of a ruler such as that shown at the right, 


For working with more complicated nomograms the sliding pivot in the ruler at the left simplifies and speeds calcule 


tions. 


The nomograms shown in these illustrations were made on clear cellulose acetate plastic sheet that withstand 


wear and can be easily cleaned. Scales were laid out on the reverse side, which is frosted, in pencil and then inked. 





Nomogram Calculations Simplified 


GIFFORD MAST 


Special Training Devices Section, Jam Handy Organization, Inc. 


Calculations involving the use of 
nomograms have been simplified and 
quickened, with results being more ac- 
curate, in the Mathematics Department 
of the Jam Handy Organization, Inc., 
by means of a straight edge made of 
3/32-in. clear Plexiglas acrylic plastic 
sheet and provided with a transparent 
pivot. This device, known as a nomo- 
gram reader, also can have an addi- 
tional sliding pivot to simplify calcula- 
tions involving complicated nomo- 
grams. 

In use, the cross-hairs of the fixed 
pivot are set on the known value of 
the first variable and a finger is placed 
firmly on the pivot. The ruler is then 
rotated until the index line coincides 
with the known value of the second var- 
iable. The answer is then read where 
the index line crosses the third scale. 

For nomograms involving more com- 
plicated equations with a greater num- 
ber of variables the reader with the 
sliding pivot is used. This type is illus- 
trated in the accompanying sketch and 
in the view showing the nomogram with 
the circular scale. The fixed pivot is 
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placed in the manner described above 
and the known value of the second var- 
iable is located under the sliding pivot. 
While this point is held firmly with the 
finger, the ruler is moved by rotating 
and, if necessary, sliding to the known 
value of the third variable. This proc- 
ess can be repeated for any number of 
steps until the answer is found. 

For handling calculations with spe- 
cial kinds of nomograms, modifications 
can be made in the two types of rules 


described, or special rulers can he de. 
veloped. One of:the outstanding advan. 
tages of devices of this kind is that all 
scales in the nomogram can always be 
seen. This, together with the index line 
in the center of the reader and the lo 
cating of values by means of the cross 
hairs, are held to be largely responsible 
for the greater accuracy obtained in 
results as compared with the usual 
method of using any straight edge and 
locating values with a pencil. 





























Construction of the nomogram reader with sliding pivot. 
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ESIGNERS of unfired pressure 
vessels should know the rules 
and regulations concerning the 

we of such vessels in the various locali- 

fies in which they are to be sold. The 
most generally accepted code for the 
design of unfired pressure vessels is that 
developed by the American Society of 

Mechanical Engineers and known as 

‘Rules for Construction of Unfired 

Pressure Vessels, Section VIII, A.S.M.E. 

Boiler Construction Code.” 

Although in most localities it is 
mandatory that pressure vessels be de- 
signed to comply with this code, not 
all states and cities recognize the code 
in its entirety. Other localities simply 
accept the code in lieu of local ordi- 
nances. However, in most states, cities 
amd territories there are exceptions 
metely as to the size and type of pres- 
sure vessels that are within the scope of 
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the code. 
van be de- 
ing advan- Code Exemptions 
is that all 
always be The American Society of Mechanical 
index line # Engineers defines, in substance. the 
ind the lo #% code limitations for unfired pressure 
| the cross vessels as follows: 
responsible I, All vessels over 6 in. L.D.. having 
btained in internal pressures in excess of 15 lb. per 
the usual] 9. in. are within the scope of the code. 
t edge and (a) A process unit having no ex- 
il. ternal jackets, and used only for 
vacuum operation is not subject to 
the code. 


2 All vessels over 6 in. I.D., having 
tttemal jackets wherein the pressures 
teed 15 Ib. per sq. in. are within the 
limits of the code. 

(a) This is so whether the interior 

of the vessel operates under vacuum 

or pressure. 

3. A vessel with an inside diameter 6 
Mor less can be operated at any inter- 
nal pressure. 

(a) There is no limitation to the 

pressure that may be used 

for vessels under 6 in. I.D. 

cubical content of the internal 
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Design of Pressure Vessels 


Limited by Inspection Requirements 


G. STEVENSON 


Chief Design Engineer, F. J. Stokes Machine Company 


Variations in requirements of different localities from the A.S.M.E. code for unfired 
pressure vessels are summarized for the benefit of designers of such equipment. 


vessel or jacket is no longer considered 
when determining whether a vessel is 
within the limitations of the code. 


W aiver of Inspection 


Inspection for vessels designed and 
fabricated according to the provisions 
of the code, to be used in localities 
where mandatory code regulations pre- 
vail, may be waived for vessels that are: 

1. Five cu.ft. in capacity or less, de- 
signed for pressures not exceeding 250 
lb. per sq. in. 

2. One-and-one-half cu.ft. capacity or 
less, designed for pressures exceeding 
250 Ib. per sq. in. 

However, these vessels must still be 
marked with the usual data (paragraph 
U-66 of the unfired pressure vessel 
code), but will not be stamped with the 
code approved symbol. The manufac- 
turer’s certificate shall be furnished 
vhen requested. For such waivers the 
inspection fee is saved. 

In the following list of states, cities, 
territories and Canadian provinces, the 
attitude of each with respect to the code 
is clarified. The data are as up-to-date 
as possible, but it should be remem- 
bered that changes are constantly being 
made. 

The expression, “mandatory, with no 
exceptions,” means that that particular 
locality requires adherence to all the 
provisions of the code. The expression, 
“mandatory, with exceptions,” means 
that that particular locality requires 
that the code be adhered to but mini- 
mum requirements are less strict than 
the code. In each instance the minimum 
unit pressure and cubical content be- 
low which code design, fabrication and 
inspection are not mandatory are stated. 

Certain states and cities have not yet 
made use of the code mandatory but 
have gone on record as accepting its 
provision as regards the use of such 
unfired pressure vessels within their le- 
gal confines. The word “acceptable” is 
used to distinguish these localities. 








For those states and cities not listed, 
it is assumed that code designed and 
fabricated equipment is also acceptable. 
If any doubt exists the engineer should 
communicate with the local authorities 
concerned. 

Compliance with the code is enforced 
by the local inspection boards which 
have jurisdictional authority. 


States, Cities, Districts 
And Territories 


Arizona, PHOENIX—Mandatory, with ex- 
ceptions. Any unfired pressure vessel of 
which the combination of maximum safe 
working pressure in pounds minus 30 
multiplied by diameter in inches minus 
12, is less than 60, expressed as an 
equation (P — 30) (D — 12) <60, is 
excepted; or those where a combination 
of safe working pressure in pounds 
minus 30 multiplied by volume in cubic 
feet minus 1.5, is than 60, ex- 
pressed as an equation (P — 30) 
(V — 1.5) <60, are also exempt. It is 
obvious that any vessel 12 in. in diam- 
eter or smaller; or operating with pres- 
sures of 30 lb. per sq. in. or less; or 
with a volume (only that portion ex- 
posed to the pressure) of 1.5 cu. ft. or 
less. is exempt. 


less 


Arkansas— Acceptable. 


California—Mandatory for air tanks 
only. Acceptable for unfired pressure 
vessels. All such vessels must be shop 
inspected and stamped “National 
Board” by an inspector holding a Na- 
tional Board commission. Acceptance of 
special designs may be obtained from 
the Industrial Accident Commission but 
proof must be submitted attesting to the 
safety of the vessel in every respect as if 
complying with the requirements of the 


A.S.M.E. code. (See San Diego). 


Los ANcELES—Mandatory,. with no ex- 
ceptions. 


San Dreco — Acceptable, practically 
mandatory. The A.S.M.E. unfired pres- 


sure-vessel code is acceptable in lieu 
of the California Safety Order which is 
mandatory. Unfired pressure vessels 
stamped California Standard (“Cal. 
Std.”) must be shop inspected and 
stamped by an inspector holding a Cali- 
fornia Certificate of Competency. It is 
doubtful that there are many such in- 
spectors in the East so it becomes, in 
effect, mandatory that such vessels 
otherwise be A.S.M.E. constructed and 
“shop inspected and stamped National 
Board by an inspector holding a Na- 
tional Board Commission.” 


San Francisco—Acceptable. Same pro- 
visions apply as for San Diego. 


Colorado, PuEBLo—Acceptable. 


District of Columbia—Mandatory, with 
exceptions. The code does not apply to 
vessels having a volume of 15 gal. (2 
cu. ft.) or less and carrying pressures 
of 60 Ib. per sq. in. or less. 


Delaware— Acceptable. 


Federal Government—There are no 
laws or regulations governing the design 
and fabrication of unfired pressure ves- 
sels for federal usage. However, unless 
contract specifications are contrary, it 
is recommended that such vessels be de- 
signed and fabricated in accordance 
with the code. 


Florida, Miam1 and Tampa—Manda- 
tory, with no exceptions. 


Hawaii— Mandatory, with no exceptions. 


Illinois, CHicaco, East St. Louts, 
EvANSTON and Perorta — Mandatory, 
with no exceptions. 


Indiana—Mandatory, with no _ excep- 
tions. Non-code fusion-welded vessels, 
not stamped A.S.M.E. or National Board 
are acceptable provided the manufac- 
turer submits to the Indiana authorities 
a data report certifying as to the quali- 
fications of the welding operator on a 
special form furnished by the Indiana 
Inspection Department. 


lowa—Mandatory, with no exceptions. 


Louisiana, NEw OrLEANS—Mandatory, 
with exceptions. Vessels with a longi- 
tudinal cross-section (diameter times 
length) of 12 sq. ft. or less are exempt. 


Maine— Acceptable. ; . 
Maryland— Acceptable. 


Massachusetts—Mandatory, with excep- 
tions; for air tanks only. Tanks oper- 
ating at pressures less than 50 lb. per 
sq. in. are exempt. If pressure is 50 
lb. per sq. in. or over, conditions must 
be checked using equation on page 13 
of Massachusetts book Form J. 


Michigan—<Acceptable. 


Detroit—Mandatory, with exceptions. 
Pneumatic tanks operating at pressures 
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under 30 lb. per sq. in. are exempt. 
Local regulations are that “any unfired 
pressure vessel which may be deemed 
hazardous shall be either A.S.M.E. 
Standard or shall be subjected to such 
local tests or requirements deemed ad- 
visable by the department (of Buildings 
& Safety Engineering) to determine its 
acceptability.” 


Minnesota — Mandatory, with excep- 
tions. Pressure vessels having a volume 
of 2 cu.ft. or less.and a pressure of 
less than 30 Ib. per sq. in. do not have 
to be code constructed. This is an addi- 
tion to the regular code exceptions 
previously listed. 


Missouri, Kansas City — Mandatory, 
with no exceptions. 


St. Louts—Mandatory, with no excep- 
tions. Ordinances recently passed adopt 
the latest code in its entirety. 


Nebraska, OmanHa—Mandatory, with 
exceptions. The code does not apply to 
vessels under 75 gal. (10 cu.ft.) capa- 
city. During the present national emer- 
gency, special installation permits are 
being issued for unfired pressure ves- 
sels that do not carry the A.S.M.E. 
stamp, but which are built to carry 
safely the pressure for which they are 
fabricated. The prospective user must 
apply for the permit. 


New Jersey—Mandatory, with excep- 
tions. Vessels under 6 in. I.D. having a 
volume of less than 5 cu.ft. are exempt 
from the code. Another exception ap- 
plies to vessels of a special design not 
exactly covered by the A.S.M.E. code 
for which, after approval of the design 
has been procured from the Inspection 
Bureau of the Department of Labor the 
finished vessel may be stamped “Spe- 
cial” by an authorized insurance in- 
spector. Manufacturers’ data report 
must be filed with the Inspection Bu- 
reau. 


New York State—Acceptable. 


BurraLo—Mandatory, with exceptions; 
also for air tanks. Tanks having vol- 
umes under 21 cu.ft. and pressures of 
100 lb. per sq. in. and less are excepted. 
It is recommended that the design and 
fabrication of unfired pressure vessels 
comply with the code. Ordinances are 
now being revised. 


North Carolina—<Acceptable. 


Ohio—Mandatory, with exceptions. The 
code does not apply to vessels having a 
volume of less than 5 cu.ft. or carrying 
pressures less than 30 lb. per sq. in. 
Oklahoma— Acceptable. 
Tu_tsa—Mandatory, with no exceptions. 
Oregon 


Mandatory, with no excep- 





tions. 
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Panama Canal Zone— Adherence to the 
code is mandatory for boilers only, 
There are no regulations concerning yp. 
fired pressure vessels, but they should 
be designed and fabricated to confég 


to the A.S.M.E. code. 


Pennsylvania—Mandatory, with eXcep. 
tion. The code does not apply to yes. 
sels having a volume of less than 5 
cu.ft. or carrying pressures of less than 
15 lb. per sq. in. It is recommended 
that these vessels be constructed in ag. 
cordance with the code. Special de. 
signs, not exactly covered by the code 
should be submitted to the Departmen 
of Labor & Industry for approval, 4 
manufacturer’s data report must be filed 
with the department. 


Rhode Island—Acceptable. 
Tennessee, MeEmpuis—Acceptable, 


NASHVILLE—Mandatory, with no excep. 
tions. 


Texas—Acceptable. 
Utah— Acceptable. 


Washington—<Acceptable, in general, 
Mandatory where pressure vessels ar 
to be used in plants where workmen are 
employed who are under the jurisdic. 
tion of the Industrial Insurance Lay, 
Status of the plant should be ascer. 
tained. 


SEATTLE—Mandatory with exceptions 
Unfired steam pressure vessels having 
10 sq. ft. or less area exposed to pres 
sure are exempt from the code. 


Tacoma—Acceptable. 
West Virginia—Acceptable. 
ParRKERSBURG—Acceptable. 


Wisconsin— Acceptable. 


Canada 


In the provinces of Alberta, Mani 
toba, Nova Scotia, Ontario and Ss 
katchewan designs of all vessels whit 
come within the limits of the code mut 
be submitted to the chief inspector @ 
the province for approval and registre 
tion at- a nominal fee. 


Alberta—Mandatory, with no exctp 


tions. 
Manitoba—Mandatory, with exception 
The code does not apply to vest 
under 6 in. LD. or 1.5 cu.ft. capacilh 
or carrying pressures of 15 lb. @ 
sq. in. or less. 


New Brunswick—Canadian Interplt 
vincial Regulations are generally 
lowed. A.S.M.E. code construction 
be accepted at the discretion of te 
department inspector. : 


Nova Scotia—Mandatory, with 10° 
ceptions. 



















































































O@ntario—Mandatory, with exceptions. 


to the The code does not apply to vessels 


























































only, gnder 6 in. LD. or 1.5 cu.ft. capacity, 
- + or carrying pressures of 15 lb. per sq. in. 
sho 
onfdrm we less. ‘ are 
Quebee — Canadian Interprovincial 
Regulations prevail. The Department of 
excep. Labor may accept vessels designed and 
to veg fabricated to A.S.M.E. standard if they 
than 5 are stamped “National Board.” Manu- 
ss than facturers must register with the depart- 
mended ment and obtain authorization to fabri- 
1 in ae. cate and stamp unfired pressure ves- 
cial de. sels for installations in the province. 
1e code, Saskatchewan—Mandatory, with ex- 
artment ceptions. The code does not apply to 
oval. A yessels under 6 in. I.D. or 1.5 cu-ft. 
be filed capacity, or carrying pressures of 15 
Jb. per sq. in. or less. 
le Newfoundland 
10 excep. Mandatory, with no exceptions. De- 
signs of all vessels which come within 
the limits of the code must be sub- 
mitted for checking and approval in 
accordance with the existing Rules and 
neni Regulations of the British Board of 
ssels are _ 
kmen The A.S.M.E. code specifies that 
jurisdie flange steel meeting Material Specifica- 
nee Law. tion SA-30 be used for all unfired ves- 
be ance sels. Even in pre-war days this steel was 
not quickly procurable so that deliveries 
xceptions, (@ were always extended. Now, of course, 
1s having it is extremely difficult to secure SA-30 
d to pres plates. Recognizing that something 
had to be done to alleviate the diffi- 
culty, the A.S.M.E. Boiler. Code Com- 
mittee has published their opinion (In- 
terpretations of Code, Case No. 93i) 
“that, as a temporary expedient, ma- 
terial as covered by Specifications S-5, 
$-7, S-11, S-13, S-15, S-16, S-17. S-18, 
$-19, S-23, S-24, S-40, and S-49, but for 
which mill test reports or other evidence 
@ of compliance with the specifications 
erta, Math are not available, may be used provided 
» and Sei samples of such material are tested as 
ssels whic to physical and chemical properties and 
e code mus shown to be in substantial compliance 
inspector “@ with the appropriate specifications ap- 
nd regist#@ plicable to the purpose for which the 
material is to be used, and the material 
no excerm® ‘tall be acceptable to the inspector.” 
Specifications S-5 and S-7 cover carbon 
: steel, the others being for iron, steel and 
a gs malleable castings, tubing and non-fer- 
y. to Tous materials. These symbols have been 
ee a changed since this summary was made. 
D> Ib. 





A procedure that has been found ef- 
lective is to suggest that the customer 
contact his insurance company, and 
through them the proper: municipal or 
slate authority, to ascertain whether the 
use of commercial carbon steel plats in 
4 vessel to be insured could be sanc- 
tioned. The vessel would otherwise be 
tode designed and fabricated. 
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Welded Hull Eliminates Truck Chassis 
In Army Scout Car 


PEEDY and maneuverable, the M-8 

is a six-wheeled, seven-ton scout 

car that can travel at high speed over 

almost any type of terrain and is cap- 
able of ascending a 45 percent grade. 

Instead of conventional armored car 
construction with an armor-plate body 
built onto a truck chassis, Ford and 
Army ordnance* engineers fabricated 
the armored hull by arc welding. The 
hull serves as a frame. The all welded 
hull-chassis makes possible a lower sil- 
houette. Danger of overturning has 
been reduced. 

The motor is cradled between two 
sets of power-driven axles. In difficult 
terrain, the front wheels are engaged 
and the machine becomes a six-wheel 
drive. The rear sets of wheels are sup- 
ported on a bogey-type suspension. 

Except for the turret, the M-8 is less 


than 5 ft. above the ground. Wheel 
tread is more than a foot and a half 
wider than the average automobile. The 
vehicle is capable of traveling through 
water up to 32 in. in depth. It is 
equipped with a 37-mm. anti-tank gun 
and a .30 calibre machine gun, which 
move together as a single unit in the 
manually operated rotating turret. 
Fitted with special combat tires, the 
machine can be operated almost nor- 
mally with tires punctured. The four- 
man crew is protected by armor plate, 
with the driver and his assistant having 
protected vision through the use of 
steel shutters at four vision slots and 
by indirect vision devices called Pro- 
tectoscopes. The car is also equipped 
with a self-sealing gas tank, although 
ordinary rifle bullets cannot penetrate 
the armor plate. 














‘ (Left) A new “Multiform” process makes it possible to produce holes in this 
96-percent silica glass bubble plate for a fractionating column without 
grinding. (Right) Thermocouple housings of 96-percent silica glass can be 
used at 1,650 to 1,800 deg. F. and are impervious to corrosive furnace gases. 


Uses of Glass Multiplied 
By Technical Developments 


New types of glass possessing greater and more closely controlled strength and higher 


heat resistance are reviewed. 


New fabrication methods that allow greater intri- 


cacy of design and closer dimensional control without grinding, make glass-to- 


metal joints easier to achieve, and speed the “welding” of hard glass are described. 


TRIKING developments in the 

glass industry have made avail- 

able new types of glass and glass 
parts, manufactured commercially to 
greater dimensional accuracy. Out- 
standing are a new quartz-like material 
that can be formed economically to the 
same variety of shapes as can ordinary 
glass; a porous glass that is expected 
to find a great number of uses in the 
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chemical industry; and a_ production 
process that enables economical fabri- 
cation of intricate glass shapes to high 
dimensional accuracy. A new _ tech- 
nique for bonding glass to metals has 
been devised. High-frequency electric 
resistance heating has contributed to 
a new and faster method for joining 
glass parts, and is far superior to for- 
mer methods. 


One of the most striking of these de 
velopments in the fabrication of glass is 
a new production technique for the 
manufacture of glass parts to high 
dimensional accuracy and at low cos 
Prior to this development, glass parts 
with holes required drilling or grind- 
ing, time-consuming and _ expensive 
operations. The new method produce 
glass parts in a wide variety of sit 
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shapes and intricate patterns with virtu- 
gly an unlimited variety of precisely 
spaced holes of accurate sizes. 

For example, the Multiform method 
will be used to make perforated plates 
for glass coffee percolators. Electrical 
jnsulators and coil forms of shapes and 
dimensional accuracies previously unob- 
jainable in glass are the most important 
mgaltiform products at present. 

Many different types of glass can be 
ysed in the multiform process, includ- 
ing the new 96-percent silica glass. The 
fnished material, regardless of the glass 
ysed, is white in color and is not trans- 
parent. The surface is usually self- 

d, as for percolator baskets, al- 
though another type of glass can be 

d to the surface of the finished 
part. If desirable or necessary, the glass 
can be colored. 





Another of the industry’s important 
developments is the new technique for 
producing quartz-like glass parts, the 
Moperties of which closely approach 
those of 100-percent fused quartz. .The 
teW material, having a composition of 
Mpercent silica, is distinguished by 
‘xtreme heat and chemical resistance. 
parts made of this material can 
be heated to redness and then plunged 
ilo ice water without breaking or 
cracking. 

The distinguishing feature of this new 
@Wattz-like glass lies primarily in the 
fat that parts can be produced much 
mae economically than they can be 

of pure quartz. The manufacture 
of pure quartz into glass shapes re- 
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(Above) Design recommenda- 
tions for details in ‘“‘Multi- 
form” flat glass plates. 


(Left) Typical “Multiform” 

_ glass parts, showing design 
details than can now be 
formed. Many types of glass 
are formed by this method. 


(Below) Design recommenda- 
tions for “Multiform” hollow 
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quires an expensive procedure in which 
the quartz is fused and then formed 
into the “desired shape. It is limited 
in its application because it is imprac- 
tical or uneconomical to make compli- 
cated shapes out of pure fused quartz. 

In manufacturing glass parts that 
possess the properties of quartz, the part 
is first made of a special glass by con- 
ventional glass forming methods such 
as pressing, blowing and drawing. After 
being formed to the desired dimensions 
with proper allowance for shrinkage, 
the glass part is subjected to prolonged 


heating and acid-leaching to remove the 
non-silica constituents. This process re- 
moves 35 percent of the glass part by 
volume, structure 
somewhat milky in appearance. This 
structure is then fired to re- 
convert the material to a solid glass. 
This causes a linear contraction of ap- 
proximately 14 percent with a 
responding contraction in volume, and 
density is increased from 1.4 to 2.15. 
The final product is water-clear in color, 
and is as impervious to liquids and 
gases as any glass. 


leaving a porous 


porous 


cor- 





Comparative Properties of “Multiform” Glasses, 
96-percent Silica, and Conventional Pyrex 


Corning Glass Works 





Multiform 


Conven- 
tional 





96-percent Pyrex 
ilica 


Pyrex Pyrex 
(7761) (707) (774) 


96-Percent 
Silica 





‘Linear coefficient expansion 
' 32 to 570 deg. F. (per deg. x 10-7} AT 


184 17.8 18.4 42 





Max. service temp., deg. F. 1,470 


860 «860 950 ‘1,650 





Softening point, deg. F.. 


1,505 2,730 





anneal: 
(ib. per sq. in.) 


Modulus of 3: gee (glazed) 
e 


to 10,000 
(Depend ce ec. shape, etc.) 





strengthened 
(factor of increase 15 
over annealed) 


2 2 





Specific gravity 


ar 





Approx. volume resistivity 
log R at 480 deg. F. 
(ohms per cu. cm.) 
log R at 660 deg. F. 





Approx. power factor 
at 68 deg. F. and 1 MC (percent) 





Dielectric constant 
68 deg. F. and 1 MC _ 








Thus there is now obtainable quartz. 
like ware, trade-named Vycor by Cor. 
ing Glass Works, in a wide range 9 
shapes and sizes. At present this 
quartz-like glass is being used for 
thermocouple protective tubes, reaction 
vessels, sight glasses and electrical parts 
that are subjected to high temperatures 
This material and process may also be 
used later for the manufacture of oven 
ware and glass vessels fer home use. 

The porous 96-percent silica product 
resulting from the acid-leaching process 
also has possible applications. The 
pores are extremely small, averaging 
less than half a millionth of an inch jp 
diameter; yet large enough to permit 
passage of both gases and liquids. The 
pores are so small that the material 
has a large internal surface area, ap. 
proximately 1,400 sq. ft. per gram of 
material. These two properties make it 
possible for this material to be used as 
a catalyst carrier in chemical processes, 
for permeable membranes, filter plates, 
adsorbants or dessicants. For such ap. 
plications it is unique as compared to 
silica-gel or activated carbon in that 
this porous glass can b® made into 
structural shapes such as tubing, sheets, 
cylinders, strip and special shapes, 


Metallized Glass 


While the joining and bonding of 
glass to metal is not new, metallized 
glass is an improved method which 
makes such bonds possible without 
knowledge of glass fabrication tech- 


Soldering metallized glass tubes into a top for a transformer. 
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niques, and without the necessity for 
matching coefficients of expansion of 
glass and metal. One or the other has 
heen necessary heretofore. Many metal- 
jizing metals can be used, preferably 
those that can be soldered, but the metal 
need not have the same coefficient of 
expansion as the glass because of the 
nature of the bond. Joining of metal- 
lized glass to other metals is accom- 
plished almost exclusively by soldering. 
The solder and specialized design com- 
pensate for slight differences in expan- 
gion coefficients in some instances be- 
tween metallizing and the metal part to 
which the glass member is sealed. 

Increasing applications are being 
found for glass parts with metallized 
areas, particularly for electrical appara- 
tus where the metal can serve as a con- 
ductor for high-frequency currents, 
and where constancy of coil dimensions 
js required, or where the metal may 
serve as a sealing means between a glass 
and a metal part. A metallized ribbon 
on a glass surface of high heat re- 
sistance can serve either as a resistance 
or heating’ element. 

Wire wound resistors sealed in glass 
tubes with metallized ends are a recent 
development. Metallized edges of glass 
windows to be sealed into metal con- 
tainers such as gas meters or pressure 
vessels in which it is desirable to ob- 
serve reactions, offer new possibilities 
in equipment design. Another applica- 
tion of metallizing is electrical con- 
densers made of metallized glass _rib- 
bon of 0.003 in. thickness. 


There have also been important re- 
finements in the fabrication of glass- 
ware. Extreme accuracy is not new in 
glass making, as is evident in such 
products as lenses and optical parts, 
plate glass, and glass plug and ring 
gages (see Propuct ENGINEERING, 
March 1943, page 141). However, new 
methods of obtaining dimensional tol- 
erances between plus or minus 0.0001 
and 0.0005 in. without grinding, par- 
ticularly on inside diameters, have been 
developed. Tubes having internal 
diameters, straightness and roundness 
held to these limits are being used for 
such products as visible flow meters 
and piston metering pumps for medic- 
inals that are subject to contamination 
by -metal. Dimensional constancy, 
transparency, and low frictional resist- 
ance are also favorable factors to be 
considered. 

Tubes having internal diameter tol- 
erances of + 0.00025 in. straightness, 
and roundness tolerance of 0.00003 in. 
are made in large quantity production 
by use of steel mandrels over which 
they are formed. Tubing with both 
straight and tapered walls is made by 
this method. Pistons for an ampule 
filling tube of about 34 in. inside 
diameter are ground to fit with less 
than half a thousandth or close enough 
that they will remain suspended if the 
tube is held vertically and the lower end 
closed, yet will slip freely when the 
ends are open. For quantity production 
of such cylinders it is much easier to 
machine an outside surface of a glass- 


Tubes precision formed to inside diameter tolerances as small as 0.0001 inch. 
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forming mandrel to extremely close 
tolerances than to finish the glass cyl- 
inders individually by internal grinding. 

Lines from oxygen supply tanks for 
bomber crews are equipped with glass 
tube indicators having a double tapered 
bore within which a colored glass ball 
rises and falls with breathing, thus giv- 
ing visible evidence of satisfactory 
operation. Dimensional tolerances on 
both tube and ball are held in manu- 
facture to 0.00025 in. but by matching 
balls and tubes the fits are adjusted to 
+ 0.0001 in. A high-strength glass is 
used, giving a safety factor of six times 
the required strength. 

The ability to produce glass parts by 
press forming operations with closer 
dimensional tolerances than ever before 
has eliminated the necessity for much 
of the grinding operations that were 
formerly necessary. Forming opera- 
tions that are now used in producing 
the relatively simple shapes of kitchen 
ware can be applied to the production 
of shapes of closely controlled accuracy 
in dimensions, as in reflector shells for 
sealed beam head lamps. 

Maintenance of close dimensional 
tolerances in production of glass parts 
is no more difficult than in metal. Flat- 
ness, for example, is attained by con- 
ventional finishing methods of grinding 
and polishing. This is an important 
factor in applications such as optical 
flats for gaging, rotating seal rings for 
centrifugal pumps and glass valves that 
seat against soft die-cast metal seats in 
gas meters where corrosion resistance is 
required. 

Another important development is 
closer control of rupture strength in 
specially strengthened glass. This is 
of great importance in glass that is 
required to break under predetermined 
stresses. Breaking strength of plate %4 
in. thick can now be held to less than 
10 percent variation from the desired 
breaking stress. 

A typical application of rupture plates 
is in foam fire-fighting systems built 
into large oil storage tanks. These plates 
prevent loss of oil vapors through the 
foam lines but must break when pres- 
sure is applied in the foam line. The 
principle is used similarly in . glass 
bubbles containing volatile liquids, 
which generate breaking pressure when 
heat reaches a predetermined level at 
fountain heads of sprinkler systems. 
Glass tube connections to auxiliary fuel 
tanks on aircraft must break instantly 
when tanks are dropped. 

Another important characteristic of 
strengthened glass is the manner in 
which it breaks. Glass that splinters 
may injure both personnel and property. 
This is prevented in strengthened glass, 
which dices when ruptured. This type 
of failure is required in many military 
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High-frequency electric “welding” of a glass pipe joint. Electrodes are gas flames. 





Multiform glass is practical for such parts as perforated plates for coffee percolators. 


parts such as flush-mounted lenses for 
landing field lights so that there will be 
no splinters to puncture airplane tires. 
Not all shapes can be readily strength- 
ened; particularly those on which acces- 
sibility of all surfaces is difficult, such 
as bottles with small necks. Cup shapes 
are comparatively difficult for this 
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reason but more and more applications 
are being made. Plate glass is readily 
strengthened by heat-treatment. 
Fabrication of hard, heat-resistant 
glass has been simplified and speeded 
up by use of high-frequency electric 
current passing through the glass be- 
tween two gas flames on opposite sides 
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of a glass part. In some instances 
three flames and three-phase current has 
been used. An important advantage of 
electric heating is concentration of heat 
to the small area where it is needed. 

A common application of this equip. 
ment is for sealing glass tubes together. 
much the same as steel pipe is welded 
together. Although most of this type of 
work is now being done with stationary 
flames and rotating work, it has beep 
demonstrated that workmen can instal] 
glass piping in place by freehand 
manipulation of hand torches feeding 
both flame and high-frequency current 
to edges of pipes to be joined. Opera. 
tors have been trained in less time 
than metal welders. 

Equipment for this type of work jis 
comparable in size to welding units, 
While such equipment is not available 
at present except for war work, it is 
anticipated that portable units will be 
available after the war. With this 
equipment it may be possible also to 
work with flat glass in much the same 
manner as steel plate is cut and welded 
into any desirable form. This has been 
done only in the laboratory so far be- 
cause there has been no call for glass 
parts of this kind. All work fabricated 
by electric heating requires an anneal- 
ing operation to relieve strains in the 
glass. This can be done locally or 
by putting the whole part in a furnace. 
Another application that is on a produe- 
tion line involves making holes in the 
end of hard glass coil forms, and sizing 
them over a mandrel. 

Although optical glass is usually con- 
sidered in a class by itself, it is worth 
noting in connection with recent devel- 
opments in glass that a radically new 
material for lenses, which has a much 
higher refractive index than has previ- 
ously been available in optical glasses of 
the low “dispersion,” has been de- 
veloped by Eastman Kodak Company. 
Its significance to designers of equip 
ment in which such lenses can be used 
is that its shorter focal length will make 
possible in some instances less bulky 
products such as cameras, microscopes, 
telescopes, binoculars, and optical im 
struments. Extensive war experience 
with aerial lenses has shown better 
“definition” in aerial pictures and larger 
area covered without loss of lens speed. 
Equally significant to glass technolo 
gists and optical engineers are the facts 
that this glass is made without silica 
and that new formulas for lens systems 
must be computed by long and laborious 
procedure without benefit of previous 
computations for silicate glasses. 


Acknowledgments are accorded 
Corning Glass Works, Corning, N. GL 
and Eastman Kodak Company, Roches 
ter, N. Y. 
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APPLICATION OF POLYTHENE plastic by 
the flame-spraying method, which is 
used to apply coatings of metals, was 
among the developments described by 
Dr. F. C. Hahn, of the Plastics Depart- 
ment of E. I. du Pont de Nemours & 
Company, at a recent session of the Di- 
vision of Paint, Varnish and Plastics 
Chemistry of the American Chemical 
Society. Films of Polythene thus ap- 
plied are tough and highly imper- 
meable, he said, and when applied over 
metal surfaces provide a high degree of 
protection ‘against brines, chemicals 
and other corrosive agents. Dr. Hahn’s 
paper on “Some Physical and Chemical 
Properties of Polythene” was prepared 
in cooveration with M. L. Macht and 
D. A. Fletcher, also of du Pont’s Plastics 
Department. 

Polythene is the name given to a 
series of hydrocarbons of high mole- 
cular weight that are produced by the 
,polymerization of ethylene under high 
pressure. It is thermoplastic. 

“Polythene has unusual water resis- 
tance,” Dr. Hahn said, “and the desir- 
able electrical properties characteris- 
tit of hydrocarbons, such as extremely 
low power factor and low dielectric con- 
stant, along with high resistivity and 
high dielectric strength. The unusual 
combination of electrical and mechan- 
ical properties makes it particularly 
stitable for use in the insulation of 
high-frecuency and high-voltage equip- 
ment. Since Polythene has extremely 
low moisture-absorption, its electrical 
Poperties are practically unaffected by 
changes in humidity, or by immersion. 

‘Ih comparison with other plastics, 
Polythene exhibits a rather unusual 
combination of desirable mechanical 
Moperties. Its stiffness places it in a 
tilegory between those materials 

as rigid plastics, and those 


ltmed non-rigid. The stiffness of Poly- 

















































































































































. varies considerably with 
lmperature. 

tension is applied to a test speci- 

mi at ordinary temperature, the 


Properties and Uses of Polythene Described 


elongation during the first phase of the 
stretching, up to about 100 percent, 
is substantially reversible. . . . When 
the tensile stress exceeds a certain 
critical value, a second phase of 
stretching occurs, up to about 600 per- 
cent, in which a permanent orientation 

. takes place, and the specimen 
necks down as cold-drawing proceeds. 
... The tensile strength of a cold- 
drawn sheet or filament, per unit 
cross-section, is many times that of the 
original undrawn material. In this re- 
spect, therefore, Polythene behaves in 
somewhat the same manner as Nylon. 

“Polythene has a rather low flow 
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temperature, around 104 deg. C... 


Its heat-distortion temperature, how- 
ever is sufficiently high to enable it to 
withstand normal service temperatures 
under low load. The low value for de- 
formation under load is exceptionally 
good for a plastic which is not rigid. 
The toughness of Polythene at low tem- 
peratures is unusual for a material of 
its stiffness. 

“The rate of transfer of water vapor 
by Polythene is extremely low, and it 
is not readily wetted by water. It is 
unusual in respect to its insolubility 
and its inertness to chemical reagents, 
being substantially unaffected by con- 
centrated hydrochloric, sulfuric or even 
hydrofluoric acid. Nitric acid has no 
visible effect. although on prolonged 





Small Oscillograph Records Six Measurements 





General Electric 


Designed primarily for tests on war devices, this oscillograph, believed 
to be little more than half the size and weight of any six-element unit previously 
built, can record simultaneously six different measurements—for example, vibra- 
tory motion of stresses set up during flight in such plane parts as struts; current 
and voltage performance of various types of electrical equipment; and electrical 
and mechanical tests in ships, power systems and industrial equipment. Charac- 
teristics of the circuits are translated into six different beams of light, each of 
which registers as a thin line on the photographic paper at the left. 
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contact the concentrated acid impairs 
tensile strength and elongation. 

“No active solvent, either organic or 
inorganic, has been found for Poly- 
thene at room temperature. The or- 
ganic compounds containing oxygen. 
such as ethanol and acetone, have no 
permanently destructive effect on ten- 
sile strength or elongation. Of the 
compounds of this class tested, cam- 
phor oil is the only one that even 
swells Polythene appreciably. 

“Certain aliphatic and aromatic 
hydrocarbons have a more pronounced 
effect. For example, gasoline, lubri- 
cating oil and carbon tetrachloride have 
a definite swelling action. As judged 
by hand tests, however, the strength of 
the material immediately after removal 
from the reagents is still good. 

“Hydrocarbons, especially halogen- 
ated hydrocarbons, dissolve Polythene 
completely at . . . 70-80 deg. C. Poly- 
thene is substantially unaffected by 
solutions of a variety of salts. 

“Polythene is compatible in all pro- 
portions with raw natural rubber and 
gutta percha, and in limited propor- 
tions with Neoprene Type GN, buta- 
diene-acrylonitrile rubbers, Thiokol FA 
and coumarone-indene resins . . . Poly- 
thene blends with aliphatic hydro- 
carbons of large molecular weight. 
The compatibility is sometimes im- 
proved by the presence of combined 
chlorine in the hydrocarbons. Paraffin 
and, to a lesser extent. mineral oil . . . 
exude when present beyond certain 
limits. Many additives, even though 
compatible, lower tensile strength . . . 
’ “Polythene . . . can be handled by 
appropriate adaptation of any of the 
techniques normally used for thermo- 
plastics. It can be formed into films, 
sheets, tubes, rods, tapes and filaments. 
It can be applied as insulating mate- 
rial on wire by the familiar screw- 
stuffing, tubing or extruding method. 
Sheeting can . . . be made by calender- 
ing, either unsupported or over fabric, 
or by the block-pressing technique. 

“In addition to its highly specialized 
uses on electrical apparatus, Polythene 
is well adapted to such industrial items 
as caps or cap-liners for containers for 
corrosive materials, covers or bodies 
for refrigerator containers, and insu- 
lating knobs and buttons for various 
electrical equipment . . . It is expected 
to find wide use in the field of chemical 
equipment as gasketing material and 
as a protective coating . In the 
laboratory it has been used experi- 
mentally, and successfully, for the con- 
struction of . . . containers .. . 

“Low moisture-permeability . .. sug- 
gests wide utility in the packaging 
field, particularly in the packaging of 
foods . . . In laboratory tests, a hand 
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cream .. .has been aged in Polythene 
tubes under standard room conditions 
for . . . two years without apparent 
stiffening or loss of fragrance. 

“The extremely good water-resistance 
of Polythene. indicates its suitability 
for the coating of cloth, paper, and 
wood. It should prove of value also in 
the impregnation of paper for contain- 
ers for . . . liquids. Because of its 
toughness, impermeability and _resist- 
ance to brines and chemicals, it should 
also find application as a coating for 
various metals to prevent corrosion. 

“Coatings of Polythene may be ap- 
plied from solution or emulsion, or by 
the melt method. Of particular inter- 
est, however, is the application of this 
plastic by the flame-spraying method 
previously used to apply coatings of 
metals. 

“In coating by flame-spraying, parti- 
cles of finely ground material pass 
through a flame and are either softened 
on the surface or completely melted 
before they come in contact with the 
article to be coated. Successive par- 
ticles impinge on those previously de- 
posited before the particles solidify. 
and thus continuous coatings are ob- 
tained . . . Such coatings may be de- 
posited . . . also on wood, glass, plas- 
tics and . . . paper. 

“Coatings of Polythene applied to 
steel by flame-spraying have exhibited 
an unusual degree of protection against 
corrosion by brine and chemicals. For 
example. coatings . . . showed excellent 
adhesion after nine months’ immersion 
in brine, and there was substantially no 
corrosion of the underlying metal. 


The military applications of 
Polythene are chiefly in the insulation 
of cable and high-frequency acces. 
sories. Even before the war, its uses jp 
communication and television applica. 
tions were progressing from the experi. 
mental to the commercial stage, and 
there is no question that the materia} 
will be widely used in the postwar de 
velopment of high-frequency communi- 
cation systems.” 


Chemical Award 
Honors Baekeland 


To ENCOURAGE the creative talents of 
young American chemists the Leo 
Hendrik Baekeland award of $1,000 
and a suitably inscribed gold medal 
has been established by the North 
Jersey Section of the American Chemi- 
cal Society in cooperation with the 
Bakelite Corporation. The award may 
be presented biennially to an American 
chemist, who has not yet reached his 
40th year, in recognition of accom- 
plishments in pure or industrial chen- 
istry. 

Selection of the recipient will be 
made by a jury of at least five members 
consisting of the chairman of the North 
Jersey Section, who will be chairman 
of the committee, the three immediately 
preceding eligible past chairmen of 
the Section and the immediately pre- 
ceding past chairman of the American 
Chemical Society. Nominations will be 
received from October to November of 
the calendar year preceding the award. 


‘ 





Discussions and Comments from ‘Readers 


DESIGN AGENCY 
DECRIED BY READERS 


To the Editor: 

I was interested in your editorial, 
“Socialization of Product Design” on 
page 523 of the August number of 
Propuct ENGINEERING. I do not think 
we need go very far in connection with 
the research foundation of the S.W.P.C. 

First of all, there must be somebody 
in the research foundation capable of 
passing upon the “merits” of new ideas. 
What this really means is that there 


must be, for every division of manu- 


facturing and production, some expert 
in the employ of the research founda- 
tion at from $12,000 to $15,000 per 
year, who is really acknowledged in his 
own division to know something about 
it. 

I have spent approximately 50 years 
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in the designing and building of spe 
cial machinery for use in the wire 
manufacturing and wire-forming it- 
dustry, and I do not know it all by 4 
long way. This is a very small divi 
sion of the steel and wire mill products 
industries, coupled with the machine 
building industry, and in this division 
it would take about three more men 
of my experience to cover it com 
pletely, and to be able to give am alr 
thentic answer to applicants with new 
ideas. 

The men who know in every indus 
try .and every division of industry 
would have to be paid very highly, 
and there would have to be hundreds 
of them. Most of them would have 
very little to do if my experience S 
any guarantee. In my present business 
as consultant to the wire-manufactuF 
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ing and wire-forming industries I may 
a dozen good ideas brought into 
my office in a year. 

Secondly, unless there is a very high 
caliber man in the research department 
it will be very easy to blackmail the 
jarge industries who might conceivably 
have a stake or interest in the so-called 
new ideas. Once or twice something 
may be brought in to somebody in the 
research foundation which might be of 
such value that he might turn down 
the small manufacturer promptly and 
communicate the idea for a price to 
me of the large manufacturers. As to 
having a council of several men pass 
gm ideas which were brought in, this 
yould mean that there would have to 
be thousands of experts to spare for a 
government bureau. 

For the small manufacturer who 
knows his business, or for the small 
man who desires to go into business 
ad has none to go into, unless he 
knows it at first hand, the best way 
to develop new ideas is the hard way. 
Build the first experimental machine; 
ll it to an interested manufacturer; 






























md one for somebody else with im- 
provements; and so on. No easier prac- 
tical way is likely to be of any service 
to the small manufacturer. 

In many fields of designing today. the 
urestrained draftsman at a drawing 
hoard is still a menace to the reduction 
ofany company debt or national debt. 

Furthermore, I do not think any in- 
ventor will let somebody else draw up 
or lay out his invention. It will always 
beradically different to what he really 
had invented. —Grorce D. Hart Ley 
















Epitor’s Note—The following letter 
was sent to Representative Louis Ra- 
haut. It is reproduced here because it 
expresses the views of many business 
men, both large and small, with respect 
tothe formation of a Research Founda- 


tion by Smaller War Plants Corpora- 
tion, 





















































Dear Congressman Rabaut: 
Ihave just read a report on a plan 
ptoposed by the Smaller War Plants 
(poration to establish a “Research 
Foundation.” (Propuct ENGINEERING. 
Aug. 1944, p. 509). I am the head of a 
corporation employing approxi- 
mately 100 men and, therefore, should 
me of the companies to be aided 
the activities of this bureau. How- 
ever, I wish to protest emphatically 
“ainst the further extension of such 
as this Smaller War Plants 
tation and especially this “Re- 
watch Foundation,” because of their 
failure to do anything except 
about how they were going to be 
‘tistance to concerns such as ours. 
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observe it in operation; build the sec- ~ 


Manganese-Bronze Ship Propeller Weighs 70,000 Lb. 


Believed to be the largest cargo ship 
propeller made in the United States, this 
is one of six being cast in cement-bonded 
molds by Cramp Brass & Iron Foundries 
Division of Baldwin Locomotive Works. 





Weighing between 65,000 and 70,000 Ib., 
the propellers have a diameter of 22 ft., 
area of 202 sq.ft. and develop 11,000 
shaft hp. They are being made for use 
on Great Lakes ore carriers. 





During the present emergency, I have 
tried to get some help from the Detreit 
office of the Smaller War Plants Cor- 
poration and personally know of one 
other company similar to ours who tried 
to get assistance from them. In each 
case the results were absolutely zero. 
The Detroit office has a large staff which 
apparently spent most of their time 
telling the country what a grand job 
they were doing. when, as a matter of 
fact, I have yet to find a concern which 
has been able to get any aid whatso- 
ever from them. 

The only results which this “Research 
Foundation” could accomplish would 


‘be to add one more ‘bureau to those 


many already in existence, to add thou- 
sands of federal employees to the al- 
ready overburdened list, and to compete 
with existing private companies who 
are prepared to do all the work the 
“Research Foundation” indicate they 
would like to try to do. 

The one thing that would be of real 
assistance to concerns such as ours 
would be to simplify the regulations 
that cover our every activity and reduce 
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the number of reports to various 
branches of the government which are 
such a burden to us. 

Our company has been in continuous 
existence for 56 years. We have always 
been able to stand upon our own feet 
and expect to be able to continue to do 
so, despite such organizations as the 
Smaller War Plants Corporation whose 
only excuse for existence is to provide 
jobs for a large number of individuals 
who could be better employed in some 
form of productive enterprise than for 
a group of top officials who spend their 
time telling the world how much help 
they are giving to concerns who do not 
need it, have never asked for it, and 
would be better off without it. 

—H. B. Trix 


Pres., American Injector Co. 


MANY SOLUTIONS OFFERED 
FOR SEIZING PROBLEM 
To the Editor: 

In compliance with a request for an 
anti-seizing compound for a tapered 
bushing application, as described in the 
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September number of Propuct EnNc1- 
NEERING (page 640), we have a sug- 
gestion which might be of value. In the 
manufacture of automatic screw ma- 
chines, we have used an application of 
Micronized graphite before the installa- 
tion of all ball bearings in shafts and 
housings. This prevents the seizing of 
the ball bearing in the housing and per- 
mits easy removal for repairs. 
—Henry Himes 
Production Dept., City Engineering Co. 


To the Editor: 

Relative to Mr. C. S. Ford’s inquiry 
published in September, 1944, Propuct 
ENGINEERING, page 640, it might interest 
him to know that cadmium coatings are 
used to prevent seizure of threads, and 
because of this fact cadmium-plated 
turnbuckles are especially popular. 

: —Maurice ConKLin 


To the Editor: 

I believe that an application of blue 
vitriol to the male member will be the 
answer to Mr. Ford’s anti-seizing prob- 
lem that appears on page 640 of the 
September number of Propuct Enc1- 
NEERING. —Leonarp M. Dorman 


To the Editor: 

In response to the request of C. S. 
Ford in the September number of Prop- 
uct ENGINEERING for an anti-seizing 
compound I ask “Why press it on?” 
A taper of +6 in. per ft. is equivalent 
to a taper of ¢x in. per in. Therefore. 
an axial movement of i« in. means a 
diametral change of 0.00293 in. If the 
bushing is heated in an oil bath 100 deg. 
above room temperature, this 7-in. di- 
ameter bushing will expand 0.0046 in. 
By using a fixed stop or gage for the 
predetermined position of the bushing 
on the shaft this assembly can be easily 
made, In threading the shaft into the 
hole the operation must be quick and 
deliberate. —Witrorp L. Stork 

Associate Professor of Drafting 
College of the City of New York 


To the Editor: 

I refer to the information sought by 
Mr. C. S. Ford in the September num- 
ber of Propuct ENGINEERING. As an 
anti-seizing compound I would recom- 
mend the application of colloidal graph- 
ite suspended in either oil or kerosene. 

—Gerorce MAYER 


To the Editor: 

I have had considerable experience 
in press fit assemblies, particularly as 
regards matching tapers with from 
0.002 to 0.008 in. final press fit. Most 
successful anti-seizing compound we 
have found to date consists of an equal 
quantity of pure white lead ground in 
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oil and colloidal graphite in oil. This 
compound should be applied evenly with 
a fine brush or soft rag and should never 
be used if skin has formed on the top of 
the mixture. —B. A. GREENE 


DIAGRAM CORRECTED 
FOR FLUID-FLOW FRICTION 


In the article “Calculation of Flow 
Velocity From Fluid-Flow Friction Dia- 
gram,” by R. C. Binder, page 466. 
July, 1944, Propuct ENGINEERING, the 
chart Fig. 1, page 467, is in error in 
that the values'as indicated for the B 
coordinates are less than they should 
be. The values of the B coordinates as 
shown in the chart should be multi- 
plied by the square root of two. For 
example, the B value which in the 
chart reads 10,000 should read 14,140, 
the B value which now reads 100.000 
should read 141,400. and so on. 


HYDRAULIC CALCULATOR 
FOR PRESSURE DROP PROBLEMS 


In the article “Hydraulic Calculator 
to Solve Pressure Drop Problems,” page 
319, Propuct ENGINEERING, May, 1944. 
Figs. 1 and 2 are incorrect. The pres- 
sure drop per inch of length in Fig. 1 
should ‘be multiplied by 0.1. The new 
diagram shown here should be used to 
replace the original Fig. 2 in which the 
pressure drops were incorrectly indi- 
cated. 

It is hoped that readers. who may 
have discovered these errors, have not 
missed the principal function of the 
curves, which was to illustrate the slope 
of a typical PF curve, and the locus of 
such curves with varying tube diame- 
ters. 


Do You Know That— 


CapMivM is being electroplated in cog, 
more than 50 times as thick as the 
normal 0.0003-in. coating. (34) 


NEARLY TWO TONS of synthetic rubbe 
are needed to make the 30 self-sealing 
fuel tanks of the Boeing B-29 Super. 
fortress. (35) 


\ FRICTION BRAKE that is released hy 
magnetism stops a 1-hp. motor travel, 
ing at 16,000 r.p.m. in less than gi 
revolutions. (36) 





Meetings 


Society of the Plastics Industry— 
Fall convention and exhibit, Nov. 13-14 


Hotel Waldorf-Astoria, New York. N.Y. 


Chicago Section, American Chemical 
Society—National industrial chemical 
conference and exposition, Nov. 15-19 
Coliseum, Chicago, IIl. 


American Society of Mechanical Ep 
gineers—Annual meeting. Nov. 27-Dee, 
1, New York, N. Y. 


National Exposition of Power & 
Mechanical Engineering—Nov. 27-Dee, 
2, Madison Square Garden, New York, 
N. Y. 


Society of Automotive Engineers— 
National air cargo meeting, Dec. 44, 


Hotel Knickerbocker, Chicago, II]. 


Society of Automotive Engineers— 
Annual meeting, Jan. 8-12, 1945, Hotel 
Book-Cadillac, Detroit, Mich. 
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RUSSIA 


Threat... or Promise? 
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(35) 
lease this war is ended, two nations—the United 
te tran States and Russia—will possess the bulk of the 
hoa pd world’s military and industrial might. 
‘i @ whether this new situation will hold seeds of catas- 
(36) e or of unprecedented opportunity will be deter- 
mined by policies . . . still to be formulated. 

ema jf this concentration of power leads to a bitter strug- 
ge for supremacy, then the world will be turned into 
giant munitions factory. ' 

aa If it is used cooperatively to maintain order, then, I 

ior, 1 believe, the stage is set for a long era of prosperity . . . 

} } ace. 

ork, N.Y , oa that Americans, whether of the Right or the 

Chemical (lett, face this basic issue squarely and open-mindedly. 

chemical ad pad tr s 

ov. No group in this country has a greater stake than 
have business and industry in seeing that a satisfactory 

anical En @ Russian-American understanding is reached. 

v. 27-Dec, H Without such an understanding there can be no rea- 
sonable hope for more than a temporary and insignifi- 

‘ cant reduction of our crushing wartime tax burden. If 

Power @ the threat of a clash between these two giants impends, 

v. 27-Det, neither bankers nor governments will run the risk of 

New Tes lending on a scale adequate to maintain international 
trade at levels necessary for our future prosperity. 

ngineers— fg Potential international customers, instead of buying 

Dec, 46, jm ieely in open world markets, will be forced—as during 

o, Il. the dangerous period introduced by Hitler in the early 

; 1930's—into the trading camp of whichever power they 
ngineers— fear most. 

945, Hotel If, however, Moscow and Washington will agree on 
cooperative plans for maintaining the peace, American 
business will enjoy enormous new trade opportunities 
after the war. 
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Russia, during the three and one-half years since it 
was attacked by Hitler, has conclusively proved to a 
doubting world that it is a top-flight military power. 
Dmg railroads did not break down under the strain 

war. 

Regions accounting for nearly 70 per cent of Stalin’s 
key industries were engulfed by the invading Nazis, but 
before they fell, Soviet management engineers per- 

ed a near miracle by transplanting entire industries 
athousand miles to the Urals with the loss of as little 
% four months’ production in many cases. 

Though American planes, trucks, and medical sup- 
Dlies have been welcomed by Moscow, fairness demands 
the admission that more than 98 per cent of American 

uction has not gone to the Russian front. 

Russian planning and Russian equipment won the vic- 
tories ‘of Leningrad, Stalingrad, and the Caucasus. 


¥ w * 


: But these measures of Soviet military strength — 
tive as they are of an unsuspected economic de- 
t—fail to picture in adequate detail the star- 

tling potential of the Russian market after the war. 




































ia, for instance, has two and one-half times the 
atea of the United States. 








It has a population of nearly 200,000,000, and this is 
increasing at the rate of 2,500,000 a year. 

And statistics just released show that Russia has three 
times as many youngsters under 16 as has the United 
States. This is a measure both of war potential and of 
a vast commercial market. 

And remember that in no part of the world before the 
war was per capita production rising as rapidly as in 
the Soviet Union. 

* * w 

German armies occupied a region in Russia roughly 
equivalent to the territory in the United States north 
of Richmond, Virginia, and east of the Mississippi. 

This huge area—with its counterparts of Pittsburgh, 
Buffalo, and Bridgeport; of Illinois corn fields, New 
York dairy farms, and Maine potato harvests—was twice 
subjected to the most withering destruction; first by the 
Russians themselves when they retreated before the 
Germans, and then by the Germans when they with- 
drew before the victorious Russians. 

As a result, 30,000,000 people are in urgent need of 
complete reoutfitting. They need houses and shoe laces, 
trolley cars and baby carriages, tractors and livestock, 
hydroelectric plants and electric light bulbs. 

Many of these needs will be met at home. It is doubt- 
ful, for instance, if Moscow will import cooking utensils 
or sewing machines,.for many of Russia’s huge war fac- 
tories can quickly be converted to peacetime production 
of such consumer goods. 

But for the rebuilding and expansion of her industries 
Russia looks to the United States for equipment. 

Soviet representatives already are in this country with 
authority to negotiate for technical men and the equip- 
ment necessary to rebuild the great Donbas coal mines 
according to the most modern American methods. 

It is important to remember that Russia’s whole iron 
and steel industry, its non-ferrous mining and process- 
ing, some of its chemical production, much of its coke 
roasting and gas recovery, practically its entire auto- 
mobile and tractor industry, and the largest of its 
hydroelectric plants, are based on American machinery 
and processes. 

It is known among manufacturers that Russia recently 
has asked for bids on shipbuilding equipment, construc- 
tion and roadbuilding machinery, alloy steels, textile 
machines, plastics, and a long list of rail, air, and water 
transport supplies. 


* * * 


The Soviet Union, however, has more than a rehabili- 
tation job on its drawing boards. 

The first Five-Year Plan, which, as we all remember, 
was completed ahead of time in 1932, was devoted almost 
exclusively to heavy industry. Russia set out to build 
for itself the machines and the factories which, in later 
years, could turn out, at home, modern equipment for a ‘ 
vast range of light industries. 

Stalin, when he inaugurated the second of his famous 
Five-Year Plans, promised that before it was completed 
Soviet factories would begin to turn out a flow of con- 




































































sumer goods — ready-made dresses, canned foods, soap, 
cosmetics, shoes, kitchenware, automobiles, telephones, 
and modern houses. 

But, by 1935, Moscow realized that Russia could not 
afford to enjoy such luxuries in the face of growing 
political tension in Europe. So, when the third Five- 
Year Plan was launched, there was no fanfare. Russians 
continued to wear their old clothes, to eat whatever 
simple food was available, and began grimly to build 
the industries which ultimately produced enough tanks, 
planes, and guns to turn the tide of battle at Stalingrad. 

It is characteristic of Moscow that even before the 
last battles with the Nazis are over, Russia is planning 
to pick up its Five-Year Plans where the war had inter- 
rupted them. 

Invitations to participate in a permanent exhibition in 
Moscow already have been mailed to American manu- 
facturers. Soviet officials want their public to see sam- 
ples of our new machine tools, aluminum and alloy 
products, oil-drilling machinery, bulldozers, and prefab- 
ricated kitchen equipment. Russia already is projecting 
specific plans to resume the job (1) of making the coun- 
try an industrial giant comparable to the United States, 
and (2) of making life more pleasant for a long-suffer- 
ing people. 

¥ * ¥* 


What is the measure of this postwar market in the 
Soviet Union? 

Some estimates place the total quantity of goods which 
Russia might take from the United States during the 
first two or three years after the war as high as 
$5,000,000,000 a year. Then, as Russian industry is re- 
stored, imports from the United States might taper off 
perhaps to $2,000,000,000 a year. 

Actually, these estimates are far too optimistic, unless 
the United States is prepared (1) to help Russia pay by 
buying vast quantities of Soviet raw materials, and (2) 
to provide large credits to handle the purchases during 
the first few years of rehabilitation. 

The relations of American exporters with Russia dur- 
ing the period covered by the three Five-Year Plans 
have been eminently satisfactory. Moscow has met all 
of its obligations punctually; fifteen years of experience 
have reduced contract forms to the point where they 
cause a minimum of misunderstanding between the 
Russian representatives and the American producers; 
individual American companies with extensive prewar 
experience in handling Soviet business already are of- 
fering large credits on initial postwar orders though 
these may yet be replaced by large government credits 
at lower interest rates. 

But the volume of trade with Russia after the war 
hinges upon Moscow’s ability to pay. Never before the 
war did the United States buy more than $30,000,000 
of goods a year from Russia. As late as 1938, Soviet ex- 
ports to this country amounted to as little as $23,500,000, 
far less than enough to pay even the service charges on 
the credits which would have to be extended in con- 
nection with exports of several billion dollars a year. 
Only South Africa produces more new gold each year 
’ than the Soviet Union. But the United States does not 
want gold; more of it would only complicate the prob- 
lem of controlling prices here. 

If the United States, however, is to achieve, after the 
war, the high level of national income which is neces- 
sary (1) to keep our expanded factories in operation, 
and (2) to service the national debt, it might absorb 
from $90,000,000 to $100,000,000 a year of the kind of 
goods bought from Russia before the war—furs, timber, 
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manganese, chromium, and handicrafts. But unless this 
volume of purchases from Russia can be boosted by an 
other $50,000,000 annually, credits of the size n 

to fill immediate Russian needs could not be sery; 
without large supplemental importations of undesirahj, 
gold. 

The nub of the situation is that Russia offers an », 
traordinary potential market particularly for our heay 
industries which have grown so enormously during th 
war. But if this sales outlet is to materialize, then i, 
United States must find a way to import from Rugg, 
(or from Russia’s debtors if any) from ten to twenty 
times as much as we did before the war. Instead ¢ 
merely going after the export business, American byg. 
nessmen must explore with the Russians the Possibility 
of buying bigger supplies of Soviet products, 


* w w 


But more than the Russian market itself hinges upg 
sound cooperative action by the world’s two leadix 
military-industrial nations. 

If trade between them is held to a minimum andj 
relations are strained, the flow of trade all over ¢ 
world will be adversely affected. 

Europe, long this country’s biggest export outlet, ce. 
tainly will never take the bold steps necessary to mJ 
constitute its economy on a peacetime basis if Russ 
and the United States drift into a race for militay 
supremacy. 

The Balkan states, which may be industrialized y 
Moscow in order to reduce their dependence on Ge- 
many, and the Arab world with its huge need fh 
transportation, irrigation, and sanitation, will not dan 
accept American credits or make big contracts wil 
American engineers if Moscow frowns on the deals, 

And refusal of Russia and the United States to worl 
cooperatively to maintain the peace would kill, in thei 
present embryonic stage, all dreams of a vast indus 
trialization program for China. 


* * * 


The opportunity to make a major change in the trad 
map of the world and at the same time to achieve 
sharp rise in our own standard of living is before 

It demands of American business leaders the kind d 
boldness and imagination that their predecessors di 
played when they pioneered this country’s unknow 
West. 

It demands realistic action by men who know that tl 
solution to this country’s real foreign trade probles 
under today’s conditions lies in boosting imports mi 
exports alone .. . men who are not afraid of being pai 
for what they sell. 

It calls for leaders who will approach Moscow a 
other major customers at once with constructive pla 
that would parallel in scope those on which this county 
is waging war ... leaders who will make it clear at 
outset that this bid for cooperative action emphatical 
demands that each nation shall have complete freed 
to determine its internal political and economic orgal 
zation without interference from the other. 

It is this caliber of leadership upon which our futur 
hinges. 




















































President McGraw-Hill Publishing Compamy,* 
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New Books 





Mechanical Springs «. 


A. M. Want. 435 pages, 6x9 in., 

m fabricoid board covers. Pub- 
lished by Penton Publishing Co., Cleve- 
ld 13, Ohio. Price $6. 


This book presents the fundamental 
principles underlying the design of 
mechanical springs, and brings together 
inconvenient form, for the designer of 
machines, the more important develop- 
ments in spring theory and testing 
yhich have taken place within recent 
years. The fundamental theories in- 
wled in the design of helical, disk, 
Belleville, flat, leaf, torsion, spiral, 
ylute and ring springs are fully cov- 
ged. There are also chapters on rub- 
her springs and mountings, energy-stor- 
age capacity of various springs, and 
ging materials. Many formulas are 
derived and compared with test results. 
Design graphs and tabular data supple- 
ment the text. 


Direct-Current Circuits 


EartE M. Morecock. 387 pages, 6x9 
in. brown clothboard covers. Published 
by Harper & Bros., Inc., 49 E. 33rd 
St, New York, N. Y. Price $3.25. 


Textbook in the Rochester Technical 
Series which has for its object the de- 
veloping of teaching materials which are 
finctional and closely related to the re- 
quirements of industry. In the prepara- 
fin of this book, calculus has been 
avoided. However, it is assumed that 
the reader or student has a working 
knowledge of algebra and logarithms. 
The subject matter deals with electric 
circuits, magnetism, electromagnetism, 
Measuring instruments and methods, 
power, energy, conductors, insulation, 
ies, magnetic circuits, electromag- 
itic induction, capacitance and electro- 
satices. Problems and _ laboratory 
studies are included that emphasize the 
Minciples set forth in the text. 


Dedustrial Electronic Control 


; W.D. CockErRELt. 247 pages, 514x814 
&, green clothboard covers. Published 
by McGraw-Hill Book Co., 330 West 
os St. New York 18, N. Y. Price 


The author has concentrated his pres- 
filation on the important basic circuits 
an be combined to form an endless 






a ae 


variety of complete circuits. Functions 
and characteristics of standard and spe- 
cial electronic tubes as integral parts of 
circuits are emphasized, rather than 
what takes place in the tubes themselves. 
The mechanical construction and desig- 
nations of tubes are included. Circuit 
components and combinations, and elec- 
tron circuits for industrial control are 
described as to both construction and 
function. The appendices are devoted to 
nomenclature and symbols, nomograms 
for values of resistance and reactance,’ 
wave shapes and characteristics, and 
notes dealing with. photoelectric phen- 
omena. References cited throughout the 
book eomprise a valuable bibliography. 


Tables of Lagrangian 
Interpolation Coefficients 


Mathematical Tables Project, Work 
Projects Administration of the Federal 
Works Agency, conducted under the 
sponsorship of the National Bureau of 
Standards. 392 pages, 101% x 8 in., buff 
clothboard covers. Published by Colum- 
bia University Press, 2960 Broadway, 
New York, N. Y. Price $5. 


This volume extends the few existing 
tables of Lagrangian interpolation co- 
efficients in n-point polynomials for 
n equal to 3 to 11, inclusive, by giving 
the entries at smaller intervals of the 
argument and by making adequate pro- 
visions for interpolation near the be- 
ginning and the end of a table. Tables 
I to IX inclusive give the coefficients 
for the argument in decimal form, 
corresponding to n equal to 3 to 11, 
inclusive. Table X gives interpolants 
for the argument at intervals of 0.1, 
for n equal to 3 to 8, inclusive. Table 
XI contains interpolation coefficients 
for n equal to 3 to 8, inclusive, for the 
argument in multiples of 1/12. Inte- 
gration coefficients for n equal to 3 to 
11, inclusive, are given in the con- 
cluding table. 


Modern Operational 
Mathematics In Engineering 


Ruet V. Cuurcuit. 306 pages, 5x814 
in., blue clothboard covers. Published 
by McGraw-Hill Book Co., 330 West 
42nd St., New York 18, N. Y. Price 
$3.50 


This textbook deals chiefly with the 
solutions of problems in engineering 
and physics, that involve differential 
equations, by the applications of the La- 
place transformation. Special emphasis 
is placed on the boundary value prob- 
lems ‘met with in partial differential 
equations. The book is a companion vol- 
ume to the author’s earlier text “Fou- 
rier Series and Boundary Value Prob- 
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lems.” Various problems are discussed 
and solved which relate to the condue- 
tion of heat in solids, also to vibrations 
and resonance in continuous mechanical 
systems, to illustrate the use of theo- 
rems dealing with the functions of a 
complex variable and the inversion in- 
tegral. A discussion is also included cov- 
ering the theory and application of the 
Sturm Liouville systems of equations - 
and Fourier transformations. 


Automatic Control Engineering 


Ep Sincvair Smira. 368 pages. 54x8} 
in., green clothboard covers. Published 
by McGraw-Hill Book Co., 330 PW. 
42nd St., New York 18, N. Y. Price $4. 


The author has included all the ma- 
terial necessary to enable anyone who 
has studied engineering to understand 
and to apply the principles of control to 
any application or process. In addition 
to a detailed and thorough exposition of 
the subject, more than half the book con- 
sists of appendices which contain perti- 
nent tabular material, a review of the 
fundamentals of physics which are as- 
sociated with control problems, a review 
of the mathematics of transients, analy- 
tic methods for the solution of differen- 
tial equations, functions of a complex 
variable, the Laplace transform method, 
the Laplace transform in practical use, 
notes on selected references on control, 
and an extensive bibliography. The last 
chapter on various aspects of control has 
for its purposes the awakening of the 
reader’s interest and caution on the 
widely different points covered in the 
book, and to assist him in reaching a 
control-application technique best suited 
to his own purposes and aptitudes. 


Methods of Advanced Calculus 


Putte FRANKLIN. 486 pages, 
514x844 in., blue clothboard covers. 
Published by McGraw-Hill Book Co., 
330 W. 42nd St., New York 18, N. Y. 
Price $4.50. 


This textbook is arranged for courses 
in advanced calculus with students 
whose chief interest is in engineering 
mathematics or science. Practising en- 
gineers can use the volume as an in- 
troduction to more advanced treatises. 
Introductory chapters deal with Tay- 
lor’s series, partial] differentiation, im- 
plicit functions, vectors, curves, surfaces 
in space and integration. Advanced 
chapters discuss the gamma function, 
elliptic integrals, vector analysis, differ- 
ential equations, Legendre polynomials, 
Bessel functions, Fourier series, partial 
differential equations, calculus of varia- 
tions and LaGrange’s equations. Ap- 
proximately 100 problems are included 
in each of the twelve chapters. 
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NEW MATERIALS AND PARTS 


Directional Compass 


Especially adapted to private aircraft 
and gliders is Type 2223 direct-reading 
magnetic direction indicator compass. 
The azimuth pointer rotates in front 
of a fixed dial. The compass uses a 
standard 1%-in. luminous dial gradu- 
ated every 5 deg. and combines a short 
time of swing or period with a low 
value of overswing and a high lateral 
dynamic stability. The mechanism is 


immersed in compass fluid. Wide range 
temperature and magnetic compensation 
are provided within the housing. Weight 
is 6 oz. Autoflight Corp., 2921 W. 
Olive Ave., Burbank, Calif. 


Coating Resin 


Known as Duraplex AL-210, a drying- 
oil type resin is adapted to air-drying 
finishes. Resembling bodied linseed 
oil in speed of dry and ultimate hard- 
ness, and the phthalic alkyds in its pig- 
ment wetting and binding properties, 
the resin produces coatings that are 
flexible and have good adhesion and 
wearing qualities. It is supplied as a 
dark-colored, viscous liquid which pours 
slowly at room temperature. Although 
many applications have not been fully 
explored, anticipated uses include the 
oil base for oleoresinous varnishes. 
Maximum air-drying speed develops 
five to seven days after incorporation 
of driers.- Films of the resin are not 
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heat reactive and remain essentially un- 
changed after short bakes as high as 
400 deg. F. The resin itself, however, 
will body further when heated in a ket- 
tle and can be converted to a gel by 
heating for several hours at tempera- 
ture in the range 450 to 475 deg. F. 
The resin is a good general purpose 
grinding medium for air-drying paints 
and enamels. It is soluble in mineral 
spirits and other aliphatic hydrocar- 
bons, turpentine, xylol, toluol, esters 
and ketones. It tolerates addition of 
cold cut resins, raw and bodied oils, 
and certain blending varnishes. Resin- 
ous Products & Chemical Co., Phila- 
delphia. Pa. 


Aircraft Relay 


Design features of a 115-volt, 400- 
cycle, Type 20 aircraft relay specially 
designed to meet Army Air Force speci- 
fications include high-voltage coil in- 
sulation and protection against failure 
under conditions of humidity. 
temperature variations and shock. The 
relay is and operates 
consistently under extreme vibration. In 
a typical application, the relay is used 
to provide a positive alarm signal in 
case of failure of the 400-cycle supply, 
or of the control circuit. The relay 
is normally operated by the control cur- 
rent, and holds its “break” contact 
springs open as long as the current con- 
tinues to flow. Interruption of the cur- 
rent releases the relay, which closes 
the alarm circuit. A removable metal 
cover fits over the special mounting 
base. End panels of the base assembly 
are equipped with protected post ter- 
minals, stamped to designate normal 
circuit connections. Weight is 9 oz., 
Automatic Electric Co., 1033 W. Van 
Buren St., Chicago, III. 


high 
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Circuit Breaker 


Designed for operation on 250-vop 
a.c. or 125-volt d.c., 50 amp. maximum, 
a recently improved single-pole cireuit 
breaker has an instantaneous trip ora 


selection of threé time delays. It can 
be connected at the front or rear. Over- 
all dimensions are 514x2-11/16x1% in 
Heinemann Circuit Breaker Co., Trem 


ton, N. J. 


Perspective Drawing Aids 


To simplify the making of accurately 
scaled perspective drawings a series ol 
circles, graphs and scales has bee 
developed under the trade name Trupet. 
Series A circles consist of a set of Ii 
templates showing concentric circles 
with diameters ranging from 0.25 to 
8 in. in true perspective at angles from 
0 to 90 deg. in 5-deg. increments. At 
arrow on the remote end of the fore 
shortened centerline shows the direction 
of the vanishing point. The circles a 
engraved and imprinted in black @ 
blue-white, 2-ply, plate-finish bristel 
board. They are also available @ 
0.010-in. transparent Celluloid. Series 3 
graphs are for use in drawing subjects 
at eye level in whatever position show 
the detail of the subject to best advt 
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ge. Nine templates show mutually per- 

icular planes at angles from 5 to 
godeg. and 85 to 5 deg. with light lines 
gery 4 in. and heavy lines every inch. 
Working area of each graph is 16x21 in. 
Series C graphs are similar to Series B 
bat are for use in drawing subjects 
above or below the eye level. Seventeen 
emplates are included. The graphs are 
photolithographed in black on 100 per- 
gent rag content white ledger paper. 
Also available are perspective scales 
that show diminishing units of measure- 
ment at designated angles. Chas. W. 
Downs & Co., 2280 14th St., Detroit 16, 


Mich. 


Aircraft Spark Plug 


Development of an internally cooled 
center electrode for aircraft spark 
plugs has been announced. The elec- 
ede is composed of a drawn nickel- 
alloy cap into which is fitted and 
brazed a copper core, increasing ther- 
mal conductivity and reducing erosion. 
The cap is work hardened, which with 





the internal cooling of this electrode in 
combination with a non-inductive re- 
sistor increases electrode life. Electric 
Auto-Lite Co., Toledo, Ohio. 


Electronic Controller 


Shielding effect of a vane passirtg be- 
tween two coils in an electronic circuit 
is the principle on which the Free- 
Vane electronic controller operates. Re- 
cording and indicating models are of- 
fered for automatic control of tempera- 
lite, pressure, liquid level and humidity. 

following types of control operation 
até available: Low-open, high-open, 
igh, low-open-high and low-normal- 
high. The controller for temperature is 
in ranges from —125 deg. F. to 

deg. F. for use in conjunction with 

Motor and solenoid valves, relays, main 

itches and other fuel-control ap- 

Mtatus for controlling the temperature 

















in electric, oil, gas fired and steam- 
heated ovens, dryers, dehydrators, oil 
baths, smoke houses, tanks and similar 
industrial apparatus. The pressure con- 
troller is available in ranges from full 
vacuum to 6,000 Ib. per sq. in. and, in 
addition, is available for automatic 
control of liquid level. The humidity 
controller operates from a wet- and dry- 
bulb type of element with separate con- 
trol for each bulb. The controller is also 
offered as a time-program controller for 
automatic control of temperature, pres- 
sure, liquid level or humidity accord- 
ing to a definite time schedule. Bristol 
Co., Waterbury 91, Conn. 


A.C, Power-Supply System 


Consisting of variable-frequency alter- 
nators, carbon-pile voltage regulators 
and compounding units, a.c. power-sup- 
ply systems are designed to provide a 
source of either constant or variable fre- 
quency for a.c. power or for rectified 
d.c. power. At the present time two 
models are available, rated at 25 kva., 
18.75 kw. and 66.6 kva., 50 kw. They 
weigh 49 and 129 lb., respectively. By 
installing the alternators on constant- 
speed drives, a source of constant-fre- 
quency is available. Rectified d.c. power 
can be obtained from either constant- or 
variable-speed operation over the rated 
operating speed range of the alternators. 
Increased d.c. power is thus available. 
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The alternators incorporate an integral 
exciter and brushes are specially de- 
signed for long service at high altitude. 
A floating-type, flexible-torque drive 
shaft compensates for slight misalign- 
ment. Sealed bearings provide lubrica- 
tion under continuous operating condi- 
tions. Integral fan, plus a tubular 
armature shaft, maintains minimum op- 


erating temperatures. The 25 -kva- 
alternator delivers its rated output 


between 7,200 and 8,800 r.p.m., while 
the 66.6 kva. alternator operates between 
5,400 and 6,600 r.p.m. Eclipse-Pioneer 
Div., Bendix Aviation Corp., Teterboro, 


N. J. 


Aircraft Transformers 


Small size, light weight and adapta- 
bility for operation of low-voltage air- 
craft accessories feature a line of 
general-purpose, single-phase auto-trans- 
formers designed especially for opera- 
tion from line-to-neutral of 400-cycle,. 
120/208 Y-volt aircraft electrical sys- 
tems. Combination of a_ high-grade 
core steel and glass insulation impreg- 
nated with an inorganic resin make 
possible the small size and light weight. 
Suitable for operation at any altitude 





from sea level to 60,000 ft., the units 
will function in temperatures from —40 
to 140 deg. F. They operate over a 
frequency range from 380 to 420 cycles 
and are suitable for continuous use at 
am overvoltage of 5 percent. General 


Electric Co., Schenectady 5, N. Y. 


Phenolic Molding Compound 


Designated Resinox 7934, a mica- 
filled molding compound is based on a 
newly developed phenol formaldehyde 
resin. Principal advantages of this ma- 
terial as an insulating medium in high- 
frequency apparatus are low dielectric 
constant and power factor, notably low 
water and moisture absorption and rel- 
atively high heat resistance. Properties 
of molded Resinox 7934 include spe- 
cific gravity, 1.76; flexural strength, 
9,000 to 10,000 lb. per sq. in.; max- 
imum deflection, 0.024 in.; tensile 
strength, 6,000 lb. per sq. in.; impact 
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strength, 0.35 to 0.40 ft. lb. per in. of 
notch; dielectric strength at 60 cycles, 
350 to 450 volts per mil; dielectric con- 
stant, 4.20 to 4.50; power factor, 0.0080 
to 0.017; water absorption, 24 hr., 0.030 
percent by weight; shrinkage, 0.0025 
to 0.0035 in. per in. Monsanto Chemical 
Co., St. Louis 4, Mo. 


Centrifugal Pump 


For use in built-in coolant system or 
as a general-purpose pump Model 1100 
centrifugal pump will handle fluids up 
to SAE 30 viscosity, and is not affected 
by abrasives or chips because they pass 
through. Gapacity is 1,200 gal. per hr. 
at 0 head and 360 gal. per hr. at 5 ft. 
head. Motor is 1/15 hp. with sealed 
bearings, fan-cooled. A universal bracket 
allows vertical or horizontal mounting, 





or the unit can rest on its three-legged 
base. Motor is connected to impeller 
shaft by a tongue-and-groove type 
coupling. Gray-Mills Co., 1948 Ridge 
Ave., Evanston, IIl. 


Ventilating Duct 


Developed for either blower or ex- 
haust systems, an improved Ventube 
flexible ventilating duct is designed 
primarily for auxiliary ventilation in 
ship. construction, loading and unload- 
ing, cleaning or repairing ships, but 
is also suitable for industrial uses. The 
duct is a sleeve or tube of impregnated 
cloth, which can be fire resistant, with 
a tempered steel helical spring inside 
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it. Thus, the maximum airflow open- 
ing is maintained. When bent to an 
angle of 180 deg. it will exhaust eight 
times more air than the old style tub- 
ing. The new duct weighs half as much 
as an equivalent length and diameter 
of the earlier type tubing. If the cov- 
ering of the new Ventube is burned by a 
welding torch or cut through, it can be 
patched like an automobile inner tube. 
E. I. du Pont de Nemours & Co., Wil- 
mington 98, Del. 


Silver Plating on Aluminum 


Silver can be deposited electrolytically 
on aluminum or aluminum alloys by the 
Preplate process. Silver deposits of con- 
siderable thickness can go directly onto 
the aluminum surfaces, or follow a cop- 
per, nickel, zinc or cadmium deposition. 
The aluminum is cleaned, passivated, 
immersed in Preplate solution and elec- 
troplated in the usual manner. Tech- 
nical Processes Div., Colonial Alloys 
Co., Philadelphia, Pa. 


Seven-Day Time Switch 


Automatic heating, ventilating, light- 
ing, pumping or flushing operations can 
be controlled with the Series 700 seven- 
day dial time switch. The unit is 
equipped with a 6-in. calendar dial that 
makes one revolution every seven days. 
Dial trippers can be independently set 
for different daily on-and-off schedules. 
Settings can be made in advance for 
an entire week. Operations for any day 
or days can be omitted on a preset pro- 
gram. The dial has each day of the 
week separated, is graduated into hours 
and half-hours and has day and night 
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separated. Operations from “on” w 
“off” or from “off” to “on” can be gy 
as close as three hours apart and ean}, 
separately adjusted throughout egg, 
24-hr. day. Paragon Electric Co, 03 
Old Colony Bldg., Chicago 5, Ij, 


Split-Contact Switch 


Two sets of contacts are mechanical) 
interlinked but electrically isolated jy 
the double-throw split-control Mig 
Switch. With this switch, it is possible 
for instance, to switch d.c. to a.c, cop. 
trol. The transfer action takes but a fey 
milliseconds. It is also possible to ¢gp. 
trol four isolated circuits by pairs, elim. 
inating the use of relays and other jgo. 
lating means from the circuit. Two cop. 
tacts are provided on both the normal) 





open and normally closed sides. Outside 
dimensions are the same as the basic 
single-pole Micro Switch. Micro Switch 
Corp., Freeport, Ill. 





Fungus-Resistant Coating 


Designed for application to phenolic 
insulators, terminal blocks, junction 
blocks and the fixed windings of motors, 
generators and dynamotors of communi- 
cations equipment to be used in the 
tropics, Durad Fungus-Resistant Coat- 
ing No. 524 is a varnish applied by 
spray, dip or brush. It passes tests for 
dielectric strength, hardness, flexibility 
and resistance to salt spray and thermal 
shock. Maas & Waldstein Co., 438 Riv 
erside Ave., Newark 4, N. J. 


' Flexible Heating Unit 


Of metal-ceramic construction, # 
electric flexible heating unit can ke 
coiled in close or widely spaced tums 
around pipes and cylinders, spiraled 
around molds or fitted to odd contouls 
It can be made in varying lengths and 
diameters and in capacities up to 152 
watts per lineal inch. Precise tempéett 
tures up to 1,000 deg. F. can be mait 
tained without deterioration of the strut 
ture. Heat can be applied by died 
contact or can be transferred t 
clips or fixtures. The unit can be lel 
exposed, ‘or sealed or coated with ® 
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silating cement. Applications include 
de-icing installations on airplane engine 
nacelles and hangar doors, molds where 
critical temperatures must be main- 
tained, melting pots of unusual shapes 
and heating of pipes and valves carry- 
ing viscous fluids. H. & A. Mfg. Co., 
% Leroy Ave., Buffalo 14, N. Y. 


Insulating Tape 


Fibron, a plastic insulating tape, is 
used for insulating wires, cables and 
tlectrical equipment; for splicing 
cables; and for protecting wiring, pip- 
ing, and equipment exposed to caustic 
or corrosive fumes, oil, grease, acids, 
alkalis or moisture. Flexible and elastic, 
the tape is made of Vinylite resin. It is 
heat-sealing, flame resistant and high in 
dielectric and mechancial strength. Irv- 
ington Varnish & Insulator Co., Irving- 
ton, N. J. 


Heat-Resistant Paint 


‘Primary use for Triple-A heat-re- 
sistant paint is on surfaces subjected to 
high heat. Resistance to heat depends 
wi the surface to which the paint is ap- 
plied. It will adhere to light steel up to 
deg. F. under rapid heating or 
tooling. Or alloy steel and brick it will 
Withstand 2,500 deg. F. or more. The 
paint is non-flammable and does not 
Site off fumes or odors when being ap- 
drying or subjected to heat or 
fame. Surfaces to which the paint is 
‘plied must be clean and dry. The 
cannot be thinned. For interior 
twhere moisture conditions are nor- 
mal a thin coat is brushed on and al- 
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lowed to air dry for 11% hr. For interior 
use where extremely wet conditions 
prevail, the paint film should be heated 
to at least 300 deg. F. after application. 
When the paint is used on exterior sur- 
faces, a heat cure to 500 deg. F. is 
necessary to obtain maximum resistance 
to weather. For surfaces where tem- 
peratures reach 212 deg. F. and above 
continuously, no heating of the film is 
necessary. For best film formation it is 
preferable to apply the coating at 
normal temperatures, but where it is in- 
convenient to suspend operations or re- 
duce the surface temperature, the paint 
can be sprayed on. Quigley Co., 527 
Fifth Ave., New York 17, N. Y. 


Detachable Hose Fitting 


Hose fittings that can be detached 
and reused are now available for use 
with low-pressure hose conforming to 
Specification AN-ZZ-626a. All parts of 
the fitting assembly are removable and 
reusable. Fitting can be assembled and 
disassembled with a common wrench 
by holding the hose with one hand. 
Making the assembly involves screwing 
the fitting together. No tightening or ad- 
justing is required. Aeroquip Corp., 310 
S. East Ave., Jackson, Mich. 





Glass-Metal Seal 


Various capacitors and resistors are 
sealed against leaks and moisture by a 
glass-to-metal seal recently announced. 
In the case of capacitors, the usual 
ceramic terminals are sjipplanted by 
glass bushings that are sealed to the 
metal container. On Koolohm resistors, 
the resistance unit is encased in a spe- 
cial glass tube which is sealed directly 
to the metal ends. The resulting seals 
resist moisture and shocks. Seal sizes 
range up to 3-in. diameter. They work 
equally well on almost any metal. 
Sprague Electric Co., No. Adams, Mass. 


Plated-Plastic Commutator 


Various odd-shaped thermosetting or 
thermoplastic commutators can have 
grooves and depressions molded in or 
machined wherever contact surfaces are 
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desired. These grooves and depressed 
areas are then built up flush with the 
non-conductive surface by metal plat- 
ing. The commutating surface is ground 
smooth, affording a one-piece unit of 
conductor and non-conductor in any 
shape or type. Metaplast Co., 205 W. 
19th St., New York, N. Y. 


Rubber-Coated Glass Cloth 


Designed to solve several problems 
which have faced the aircraft industry 
in combat planes, a glass cloth coated 
with synthetic rubber features high ten- 
sile strength at abnormally high tem- 
peratures, extreme lightness and high 
tear resistance. In addition, it resists 
fire, gasoline, oil, grease, water, mildew 
and insects and is not affected by acids 
or alkalis. Uses include connections in 
metallic hot-air ducts and gun-bore 
aligning targets. Finished weight of 
double-coated glass cloth is 7.6 oz. per 
sq. yd. and of single-coated cloth is 5 
oz. per sq. yd. It is made in gages from 
0.006 to 0.040 and in tensile strengths 
from 165 to 800 Ib. per in. U. S. Rubber 
Co., Rockefeller Center, New York, 
N. Y. 


Feed-Thru Terminal Block 


Production of Feed-Thru terminal 
blocks now includes sections having 
any number of units from 1 to 16. The 
blocks consist of individual terminals 
molded in phenolic plastic and held in a 
metal strip. Leakage distances for cir- 
cuits carrying up to 300 volts, 20 amp. 
are provided. Center-to-center distances 
between terminal units is 5g in. Curtis 
Development & Mfg. Co., 1 N. Craw- 
ford Ave., Chicago, II. 
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Manufacturers’ Publications 





Steel—Steel & Tube Div., Timken 
Roller Bearing Co., Canton 6, Ohio. 
Booklet, 78 pages. Recommended forg- 
ing temperatures, as determined by the 
hot-twist test conducted in the com- 
pany’s laboratory, for 68 steels are given 
in charts. 


Couplings—Philadelphia Gear Works, 
Erie Ave. and G St., Philadelphia 34, 
Pa. Bulletin 150, 16 pages. Size, rat- 
ing and selection data are given for 
various rigid, flexible and_ resilient 
couplings made by the company. 


Powder Metallurgy — Amplex Div., 
Chrysler Corp., 6501 Harper Ave., De- 
troit 31, Mich. Catalog B-44, 168 pages. 
Machine parts and bar stock made by 
the company from various powdered 
metals are described in detail; a 23-page 
engineering section covers specifica- 
tions, design features and practice, shaft 
clearance, load-rating charts, recom- 
mended methods of sizing, tolerance 
data, drawings and tables on chamfers 
and fillets, machining methods and 
lubrication. 


Plastic Casting—Tennessee Eastman 
Corp., Kingsport, Tenn. Booklet, 8 
pages. Casting of Tenite II cellulose 
acetate butyrate for forming tools is 
described. 


Speed Reducers—Winfield H. Smith, 
Inc., Springville, Erie County, N. Y. 
Engineering Manual and Catalog No. 
144, 92 pages. Gives complete informa- 
tion and data on selection, design and 
construction, overhung loads, lubrica- 
tion, chain pull factors, ratings, flexible 
couplings and torque vs. horsepower for 
speed reducers. 


Welding—Lincoln Electric Co., Cleve- 
land 1, Ohio. Bulletin No. 440, 48 pages. 
Describes “Fleet-Welding,” a new tech- 
nique of arc welding that results in 
faster welding and utilizes “arc force” 
to obtain greater penetration and the 
required weld strength. 


Control—Wheelco Instruments Co., 
Chicago 7, Ill. Bulletins Nos. J602-2, 4 
pages; J403-2, 4 pages; J402-2, 2 pages; 
and J303-2, 2 pages. J602-2 describes 
Throttltrol, a valve-positioning device 
for use in conjunction with any control 
instrument having a high and low con- 
tact with a neutral position; J403-2 and 
J402-2 cover automatic and manual 
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types of Inputrol, an electric timing de- 
vice that maintains input of electric 
power, heat or flow of liquids or gases; 
J303-2 describes Rheotrol, a device to 
maintain desired electric power or heat 
input, or flow of liquids or gases. 


Transformer Guide—General Electric 
Co., Schenectady 5, N. Y. Booklet GEA- 
4240. 56 pages. Complete information 
on the selection of instrument trans- 
formers, including tables, graphs and 
charts, is given. 


Cast Plasties—Cast Resin Div., Bakelite 
Corp., 300 Madison Ave., New York 17, 
N. Y. Booklet, 16 pages. Describes forms 
and shapes in which Bakelite cast resins 
are produced, their types and properties 
of each type in addition to explaining 
methods of machining and finishing. 


Fiber—N. S. Baer Co., 9-11 W. Mont- 
gomery Place, Hillside, N. J. Bulletin. 
6 pages. Gives properties and character- 
istics of both vulcanized and phenol 
fiber, including listing of standard 
grades. 


Alternators—Eclipse-Pioneer Div., Ben- 
dix Aviation Corp., Teterboro, N. J. 
Design Check Chart No. 10, 4 pages. 
Gives application, performance and de- 
sign data on company’s variable-fre- 
quency alternators used in aircraft. 


Tool-Steel Welding Rods—Alldy Rods 
Co.. 11 W. Market St., York, Pa. 
Catalog, 24 pages. Engineering data 
are included in this description of tool- 
steel arc-welding electrodes for high- 
speed, air-hardening, water-hardening, 
oil-hardening, hot-working and work- 
hardening steels. 


Rectifiers—Benwood-Linze Co., 1811 
Locust St., St. Louis 3, Mo. Bulletin 
R-41, 4 pages. Pertinent information 
about characteristics and applications 
of metallic rectifiers adaptable to elec- 
tronic, radar and automotive battery- 
charging equipment is presented. 


Relays—Adams & Westlake Co., Elk- 
hart, Ind. Catalog, 28 pages. Data on 
production, selection, dimensions, 
mounting and ratings of Adlake relays 
for a.c. and d.c. energization are pre- 
sented. 


Lofting—Template Reproduction Co., 
401 N. Broad St., Philadelphia 8, Pa. 


Brochure, 16 pages. Describes com. 
pany’s method of mechanical reprodyg. 
tion of full-size detail drawings directly 
on tooling materials. 


Rivets—Aviation Div., Pheoll Mfg. Co, 
5700 Roosevelt Rd., Chicago 50, Ij, 
Bulletin, 12 pages. Covers types and 
sizes available of Hi-Shear rivets ang 
describes installation methods. 


Universal Joint—Gear Grinding Mg. 
chine Co., 3901 Christopher Ave., De. 
troit 11, Mich, Bulletin, 12 pages. Gives 
details of Rzeppa universal joint which 
consists of an outer driving member of 
cylindrical or spherical shape, an inner 
star-shaped driving member and a hall 
cage closely fitted between inner and 
outer drive, all interlocked and free to 
swing like a ball-and-socket joint. 


Springs—Muelhausen Spring Corp, 
201 Michigan Ave., Logansport, Ind, 
Bulletin, 8 pages. Factors essential to 
spring design for correct application, 
five basic types of springs and twelve 
commonly used spring materials and 
their characteristics are covered, includ- 
ing numerous illustrations. 


Fastener—Palnut Co., 61 Cordier St, 
Irvington 11, N. J. Bulletin, 4 pages. 
Gives details of Type 6NAO Palnut de. 
signed for use as either an adjustment 
nut or a self-locking nut for lightweight 
assemblies, 


Meehanite—Meehanite Research In 
stitute of America, Inc., Pershing 
Square Building, New Rochelle, N. Y. 
Bulletin No. 20, 4 pages. Illustrates 
and describes various types of wear 
resistant Meehanite castings. 


Steel Tubing—Globe Steel Tube Co, 
Milwaukee 4, Wis. Bulletin 112, 4 
pages. Consists of tables of bursting 
pressures of seamless steel tubing from 
1% to 9% in. O.D., for reference us 
by engineers. 


Speed Reducers—Philadelphia Gear 
Works, Inc., Erie Ave. and G St., Phils 
delphia 34, Pa. Bulletin 250, 8 pages 
Covers design features, ratings and Timi 
tations, efficiency, overhung load capac 
ties, lubricating instructions and dimer 
sions of Air-Kooled worm-gear speed It 
ducers. 


Cellulose Nitrate—Cellulose Produtls 
Dept., Hercules Powder Co., Wilming 
ton, Del. Booklet, 56 pages. Basic mt 
terial on the properties and uses of 
soluble cellulose nitrate as a base ti 
plastics, lacquers, coated textiles, 
adhesives and ink is given. 
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Trapezoidal Cantilever Beams 
Of Constant Depth 


VICTOR KIBARDIN 


Development Division, Curtiss-Wright Corporation 


HE necessity for calculating the de- 
flection along the span of a canti- 
lever beam which is rectangular in sec- 
tion and uniformly tapering toward free 














1 in which the following relations hold. 


P = concentrated load, lb., at the narrow 
end of beam 
depth of beam, in. 





ment and the variable moment of inertia 
of section as a function of x, then per- 
forming double integration, the deflec- 
tion formula is obtained 























end with a concentrated load at the ‘ = — = re in., at narrow end PP a) 
f e : : . = width o m, in., at wide end = — ——— 
= a often occurs in ——— tap ieee of Goat, y a oe 
sai C POCSMPERTIMS Graph an x = distance, in., from narrow end of R(R — 2A) + 2kB (1 — log.B) — C 
lable present a tenable solution to prob- beam to point at which deflection is __ 
lems of that type and eliminate the — \ in which 
" : - : ¢ y = deflection, in., at distance z is A 
tedious evaluation of differential equa 5 = width of beam, in. wh Wisioben's A=(1—%) 
tions. s = (b— b,)/2 Ax 
This method can be used for all canti- k = bt/b. ites 3 
lever beams of the shape shown in Fig. a — of elasticity of material in B =(k+R) 
I, = moment of inertia of beam section at C = (4k — k* — 1) 
bit Substituting y in Equation (1) for the 
: —+ = 3 quantity 
— : I f inertia of bea —s 
— bo .= ne inertia oO m section at R (R — 2A) + 2kB (1 — log.B) — © 
x eae +o 4 BA [} 4 (1 — k)z ] the deflection formula becomes 
Soe Eee a oo SER 
M, = bending moment, in. Ib., i n section o” Fy 
P at distance z Citas on P : ; 
ka aan Starti ‘th the differential ti alculated values of y are given in 
+ 4 ee © TEMS CTUBNON Table I for different combinations of 
ee be On we k and x/l, from which the curves in 
ly FIG dz? the accompanying chart on next page 
and expressing both the bending mo- have been plotted. 
(continued on next page) 
Table I—Calculated Values of y For Different Values of k and x/I 
Values of k 
z 
T 0.0 0.1 0.2 0.3 0.4 0.5 0:6 0.7 0.8 0.9 1.0 
0.0 2.00 2.16 2.28 2.39 2.49 2.59 2.68 2.76 2.84 2.92 3.00 
01 2.47 2.62 2.75 2.86 2.97 3.08 $. 17 3.26 3.35 3.44 3.53 
0.2 3.12 3.27 3.40 3.53 3.65 3.76 3.87 3.97 4.07 4.17 4.26 
0.3 4.08 4.23 4,37 4.51 4.64 4.76 4.88 4.99 5.11 5.22 5.32 
04 5.56 5.72 5.87 6.02 6.16 6.30 6.44 6.57 6.7 6.82 6.94 
AS 8.00 8.18 8.35 8.52 8.69 8.84 9.00 9.15 9.30 9.45 9.60 
06 12.50 12.71 12.91 13.11 13.31 13.50 13.69 13.88 14.06 14.25 14.42 
0.1 22.20 22.50 22.75 23.00 23.25 23.50 23.75 24.00 24.20 24.50 24.70 
0.8 50.0 50.4 50.7 ot.4 51.5 51.8 52.2 52.5 52.9 53.2 53.6 
200.0 200.7 201.4 202.0 202.7 203.4 204.1 204.8 205.5 206.2 206.9 
Hee: « cs) rd) © oo ro) co) ~ r) ro) 
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Trapezoidal Cantilever Beams of Constant Depth (continued ) 


10 


95 
9 


85 


8 


75 


7 


The procedure in solving a 
problem by use of the chart can 
be readily understood by work- 
ing out a typical example. 

Consider a trapezoidal shaped 
cantilever beam made of steel, 
E equal to 30,000,000, subjected 
to a load P of 10 Ib. applied at 
the narrow end of the beam. The 45 
dimensions of the beam are 

h = 0.40 in. 

1 = 10 in. 

b. = 4 in. 

b; = 2 in. 
Determine the deflection of the 
beam at a distance 3 in. from the 
free end. 

E = 30,000,000 

P = 10° = 1,000 

h? = 0.40 = 0.064 
_ bh _ 4X 0.064 


3.5 


I, 


om i2—~O 
= 0.02133 


From the chart for these values 
of k and x/l, ¥ equals 4.76. 


a 
vo eT 


10 X 1,000 
™ 30,000,000 X 0.02133 X 4.76 





1 ; 
304.50 = (0.00328 in. 


Valves of Vy for use in 
cdeflection formula for 
trapezordal cantilever 
bears 


hy ga 
oe 7, W 
y = Deflection 
To = by h/i2 
y= From curves 


k = be /bo 
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